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PREFACE. 


NP. 3 delign of this Nx w PaAcTICAL NAVIGATOR is. 
to compriſe every thing eſſential to form the Teacher, inſtruct 
the Pupil, and aſſiſt the Mariner, ſo as to render them proficients in 
the Nautical Art, both with reſpect to theory and practice. 
© By recurring to former treatiſes, the productions of others, as well 
as my own (of which Twelve Editions have paſſed through public 
favour) I preſume that I have been enabled to make gradual improve- 
1 ments ariſing progrefliv-ly, as my knowledge became extended 
= through inveſtigation, and my judgment matured by experience. 
=: My grand object in this my New and laſt Treatiſe, has been to be 
_ conciſe, yet comprehenſive, explanatory i in my Definitions, perſpi- 
cuous in my Rules and Examples; and in a word, moſt carefully 
i attentive. to every particular in theory and practice, that can further 
E- the grand defign of the WoRK, which is to facilitate the acquiſition 
of an art that has been the object of my purſuits throughout life; 
| and 1 in which [I have laboured with indefatigable aſliduity. 

To obtain this important purpoſe, I found it neceſſary to reviſe 
with the utmoſt care, ms gs and caution, all the Treatiſes 


to diſcriminati Land defects, ſo as to adopt the former and 
| ei dee works appeared too voluminous and 
elaborate, ani eeeſſary to the practical part of Naviga- 
tion to be 1gllttere or different books; hence, I conceived 
8 d acceptable, to bring theſe Tables into 
re Jucing them to a ſingle volume, and num- 
em iv a more methodical manner than hither- 
to done, ſo that time would be 


ſaxyed in referring to ren and 2 
rations in the art greatly expedinMhercby | | 
Upon a candid though circumipect review of the 4 ables in the 


1 NEW PRACTICAL NAviGATOR, I preſume they will be faund not 
7 only more extenſive, but more correct than have ever before appeared 


1 in A work of 2 kind. 5 - 
= = EE Te 


one point of 
bering and arranging l 


To aſſiſt the Learner i in that very eſſential branch of Navigation, 
the keeping a complete Reckoning at Sea, I have ſubjoined to this 
work a compendium of oblique-angled Trigonometry, with its appli- 
cation in oblique and current Sailing, and atſo Surveys of Coaſts and 
Harbours, and other particulars neceſſary to be known by evely. 
Practitioner i in che art. 

Such is the PLAN of the Wok now offered to the public, which 
I hope will obtain a decided preference, as it compriſes, in a imall 
compaſs, every uſeful diſcovery and improvement made by Theo- 
retical as well as Profeſſional Men, through a long ſeries of ſtudy, 
obſervation and practice; and the whole Jaid down in a manner as 
conciſe, plain, and A. d as the nature of the ſubj<ct can 
9e Rol admit. 

Upon the whole, I may venture to o affirm, that this Book, with the 
NAUTICAL ALMANAC, will be found in every reſpect adequate to the 
purpoſe both of the Teacher and Scholar, as well as fully adopted to 
the uſe and advantage of the induſtrious Mariner, as in the forming 
of it, I have occalionally conſidered myſelf as acting in thoſe three 
ſeveral capacities, and in conformity to the ſame, have reſpectively 
adapted my remarks, obſervations, and inſtructions ; 3 keeping in 
view throughout the whole, uniformity of method and facility of 
operation, From purſuing this plan, the expence of purchaſing ſe- 
veral books will be obviated, loſs of time and many inconveniencies 
will be prevented; and ſuch advantages accrue to thoſe immediately 
concerned in having recourſe to it, as I truit will juſtify me in ſub- 
mitting it to the approbation of the public, and ſecure to me their 
ſanction and. encouragement, to merit which has been my _—_ 
ambition, and the ultimate view of my purſuits throughout life. 

1 am well aware that there are perſons, who, to ſhew their on 
| ſuperior abilities in an obſcure Club, will quibble and carp at ſome 
parts, and ſay, that they ſee nothing new, &c. To ſuch Critics it. 
may be anſwered, that a Triangle was a 'Tiiangle before the days 
of Euclid, and fo it is now; but, if the arranay petting ſimpli- 
fying, and rendering Navigation attainablg tt common ca- 
pacity, with all the "uſeful Tables conta ok, which was 
never done before, it certainly may be M es ; Mat leaſt an Im- 

provement. How far J have ſucceedeW left th, a) udicious Ma- 
riner to determine. 4 
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the Sun or fixed Stars 
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b The RAID SaLE my former Pablicaicas have had, has 


5 5 ed perſons in Scotland, Ireland, and other places, to copy chem, 1 5 
many of which have been dated i in different parts of the world, 
Particularly in the E Indies and America; — in to prevent 


ſuch ſpurious and erroneous Editions being impoſed on the Public in 


T. b, Aa ſtriking Likeneſs of the Author, drawn by MULLER, and 


'- engraved by ay pas will be 8 to each Book of this NEW 
* £ „„ 


GEOMETRICAI, DEFINITIONS. 


\EOMETRY is the Bae which treats of the Deſcription, 
Properties, and Relations of Magnitudes in general; of which 
there are three Kinds or Species, viz, a Tine, which has only Length 
without either Breadth or Thickneſs; a Superficies, comprehended 
by Length and Breadth ; and a Solid, wick has Length, Breadth, 


| and TORSO: 
| I. 


A point conſidered mathematically, is incapable of being 
divided, and therefore hath no parts, or it is the ſmalleſt part | 
of ſpace that can be aſſigned, and may be conceived fo infi= A - 
nitely ſmall, as to be void of length, breadth, or thickneſs, 
being hs denoted by a dot, as at A. | 


II. 
wy right line is the neareſt diſtance between | 
two points which limits its length, without £m We 


an: 5 


any ſuppoſed breadth, or thickneſs, as A C; it 
may Mm ſuppoſed to be the fluxion of a point. 


| . 
"1 plane . is that which lies evenly between its extreme 
points, reſembling a ſmooth table, or poliſhed glaſs; bounded by, 


lines having length and breadth : but is. conceived to have no depth _ 


1 . 
„ et A 


Ll I « 4 . UW. Y \ 
* 1 A, A bv 
N % * 


. 8 — * 5 "Ma 
- 1 Y < 1 - 1 "> 
1 ye = 7 3 
N 1 
8 * e wah "4 4 2 
Sr ͤ— Rd or bones 


or thickneſs, and may be Conceaved to be 3 by the fluxion of .- — —& 


a right line. | | | 2 


| Parallel lines are ſuch as are e equally 2 7 4 — 
diſta-t in all their parts, which. extended 0 . 
infinitely on the ſame plane would never . 


meet, as the lines A B, 5 — * 


1 8 angle is the S or meeting of 
two right lines i in one point; the point where 
they meet is fed the angular point, and the  , 
lines AB and AC are called ſides or legs; it is 
generally expreſſed by three letters, the middle 
one always denotes the angular point, as A, and 
the other two the * or ſides that include i it, as AB or 40. 


A . Th --- Aire. 
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iS ' | GEOMETRICAL DEFINITIONS. 


VI. 


A cirde i is a plane figure, bounded by a an actos curve Gr; . 
is ordinarily deſcribed by a right line, taken with a pair of compaſſes; 
one point thereof being fixed, whillt the other is turned round to the 
place where the motion fire began; the fixed point is called the 

centre, and the line deſcribed by the other point is called the circum- | 
| ference. | . 


vn. 


Tue radius of a circle, or ſemidiameter, 
is a right line drawn from the centre to 
the circumference, as A C; or it is that 
line which is taken tween the points of 
the compaſſes to deſcribe the circle; 3 and 
is half its Ar. AB. 


vin. 


An arch of a circle is any part or portion of 58 circumference, 
a DFE. 8 | 
Fo | IX, | 

| "A chord of a circle is the ſubtence of an arch, or it is a right He | 
Joining the ends of an arch; it divides the circle into two unequal 


parts, called ſegments, and is a chord to them both, as 1 E is the 
| 5 8 of the arches D F E and D 8 E. 


X. 


e A hnjcircle; or half a circle, is a figure contained under the 
N iamerer, as AGB or AF Bt 8 | 


XL. - 


A "He OR is 2 ſemicircle, or one-fourth part of the whole - 
circle, as the fig C AG. 

Norz. All circles, whether great or ſmall, are actually, or ſop⸗ 
poſed to have their circumference divided into 360 equal parts, called 
degrees, and each degree into 60 equal parts, called minutes, and 
each minute into bo equal parts, called ſeconds, and ſo on into 

thirds, fourths, &c. 
All angles are meaſured by an arch of a circle, deſcribed round 
- their angular points, with the chord of 60 degrees, taken from the 
line of chords on the plane ſcale, and are eſtimated greater or leſs 
according to the number of degrees contained betwixt their legs; 
and though legs be made longer or N ſtill the angle between 2 
them F6Atinues the ſame. 


94 97 3 93 | 8 5 i ; : — 5 A right 


OEOMETRICAL DEFINITIONS. _ * 


| | ow © 
A right line is ſaid to be PERPENDICU= 
LAR to another line, when it falls upon 
it, ſo as to make the angles on each fide of it 
equal, ſuch as the figure A B CD, where the 
angle ACD is equal to the angle ACB, each 
a quadrant, or right angle, containing 90 


degrees. . * : 


8 XIII. 

An AcvuTtz ANGLE is leſs than a right 
angle, and is that which contains leſs than 
90 degrees, as ABC. 


— 
- 


XIV. 


An OBTuse ANGLE is greater than 
a right angle, and is that which con- de. 
| tains. more than 90 degrees, as the Gs 
The feweſt number of right lines that can include a ſpace are £4 
three, which form a figure called a triangle, or three-cornered | 34 
figure, and conſiſts of fix parts, viz. three tides and three angles: 4 


it is diſtinguiſhed into three ſorts, viz. a right-angled triangle, an 
obtuſe-angled triangle, and an acute-angled triangle. oh”: 
A RiGcaT-ANGLED TRIANGLE has one of its 
angles right, or containing 90 degrees; the fide 
_- oppolite the right angle is called the hypothe- 
nuſe; and the other two ſides are called legs; 
that which ſtands upright, is called the perpan- 
dicular, and the other the baſe; thus B C is the 
hypothenuſe, A C the perpendicular, and A B the 
baſe : the angles oppoſite the two legs are both 
acute. „„ „„ 


An ACUTE-ANGLED TRIANGLE has all 
its angles acute, or none of them equal to go 
degrees, as DE G. | 


A2 


"37 MARES OR CHARACTERS. . 
1 XVII. 

An OBTUSE- AN LTD TRIANGLE | e 
has one of its angles obtuſe, or greater — 
than go degrees, as RA F, the other 
two angles are acute, or leſs than go SE : | 
degrees, as in the triangle RA F. td 

Nor E. All triangles that are not right-angled, whether they are 
acute or obtuſe, are in general terms called oblique- angled triangles, 
without any other diſtinction. The ſum of the two acute angles of a 
right-angled triangle make 90 the ſum of all the angles of any 
triangle 1809. If f you tab the ſum of the other two angles, 
the remaining ang be found; but in a right-angled triangle, if 
from go you ſubtrack ene angle, the other angle ſhall remain. 


* 


MARES o CHARACTERS. 
+ Signifies more, Cor the Sign of Addition; it ſhews that whatever 
numbers or Wen ollpw this Sign muſt be added to thoſe that 
20ò before it, thus 9 
pPlwwuies that the quantities Fepreſente by A and B are added. 

= Sipnifies 4%, 2 is uſed as the Sign of Subtraction; it denotes that 
the number, following it muſt be ſubtracted from thoſe going before 
it, as 7 5, or p ſubrracted from 7, | | 


* The Sign of Multiplication, and ſhews that the numbers placed before 
and after are to be multiplied, thus 7 x 9, that is, 7 multiplied by 9, 


which makes 63, and 7 X 8 X 2 which makes 112. | 
— This Mark ſtands for Diviſion, and ſignifies that the Number that 
ſtands before it is to be divided by the number following it, as 


Ty 72 1 ſhews that 72 is to be divided by 12. Or thus, 3 


== The Sign of Equality, it ſhews that the numbers or quantities 
5 placed before it are equal to thoſe following it, thus, 8 & 12296. 
Or 8 multiplied by 12 is equal to 96, and 7 + 2 X4=36. 
::: Proportion, 1 70 read thus, 7 ; 14 :: 10: 20 that is, as 7 is to 14 
ſo is 10 to 20. Or, A: B:: C: D that is, as A is to B ſo is C to D. 
* Signifies Degrees, thus 45 ſhew the number 45 degrees. | 
HSignifies Minutes, thus 24/ or minutes. | - 
” Signifies Seconds, thus 44” or 44 ſeconds, 
S8. Stands for Sine, . | 
Sec. Stands for Secant. 1 
Tan. for Tangent.“ ff.. X : 3 
Each of theſe laſt with Co, b-fore them, ſignify he complement, as 
Co-ſine;go-tangent, Co- ſecant. Fp 
< Signifies Angle. | | | | 
d Apgled, with an s at top Angles <5 
A- *Sighthes Triangle, or As | = 
Z Is frequently put to ſignify the ſum of any two lines or numbers. 
V Significs the difference, | | 
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that is, 9 added to 8. Or, A+B im- 


GEOMETRICAL PROBLE Ms, 


— USEFUL n NAA 1 


” PROBLEM is a practical Propos ITION, in n which Something | 
oe propoſed i to be done or OR" 


PROBLEM I. 


To draw a Right Line parallel to a given Right Line, to any ban, > 
Diſtance, as at the Point D. * 


4 
4 


: W ITHa pair of compaſſes take the * 5 p | 


neareſt diſtance between the point } = 
D and the given right line A B, with © WY 
that diſtance ſet one foot of the compaſſes 
any where on the line AB, as at A, and draw the FER” C, from PE 
point D draw a line ſo as juſt to touch the arch C, and it is done, for 
3 line CD will be parallel to the line A 2, and at the diſtance of 
the point given D, as was required. 


PROBLEM IL. 
To biſef or Su; a given Line into two _ Parts. 


With any diſtance in your compaſſes „ 
greater than half the line AB, with one 5 1 
foot in B, deſcribe an arch with the 25 „ 
ſame diſtance, and one foot in A, de- 3 
ſcribe an arch that will cut the fokmer 2338 -B 
arch in C and D; through C and D A : IF. 5 
draw a line, and that will cut AB in ? «| 7 | 
and the line A B will be divided at the | OPT 
Point 1 into two equal parts. 8 I 8 7 D 
ne | * 


PFF "T2 
Too erect a Perpendicular on the End of a given Bight To as D 3. 


With any diftance in your compaſſes, as 
from B to C, with one foot in C, deſcribe the 
_ circle BD a, fo that it may juſt touch the end 
of the given line, at B: from where the cir- 
dle cuts the line, as at D, draw a line through 
the point C, to cut the Lee in A, from A 
draw the line AB, which will be the perpets- 
dicular required. | | 
Ort 7 


$$ 5 8 "> TY 3 


SS  GEOMETRICAL PROBLEME 


With any convenient diſtance in your . 
-  compaſſes, as from D to A, with one fot . 
in D, deſcribe the arch A F G, ſet off the -# | *: 
fame diſtance from A to F, and from Fto FT 
G; upon F and G deſcribe two arches E 


interſecting one another in H; draw a % 
line from H to D, and it is done; for HD 1 . 
will be the perpendicular required. N Ec 


PROBLEM iv. 


F rom a grove Mou, as C, to let fall a Perpendicular on a l given 
Right Line AB. 


F With one f in C, Ae an arch . | Cc 
to cut the given line ,, | 
with one foot in G deſcribe an arch, and | | 


with the fame diſtance, and one foot i in F IF . 
F, deſcribe an arch to cut the former in 3 * Mp 
D, from C to D draw a line, and it is A= r 
| done; for C D will be the 3 | . 
required. | „ . 


ee M V. 


From a given Point to let + fall a oily on a given Line, when 
the ſaid Perpendicular is to fall fo near the End of the given Line that 
it cannot be done as above, as at the E e of « @ Sheet 7 e „ 


Let C 5 the point from which te 0 
perpendicular is to be let fall on the | 
line AB, from any point in the line 
AB, as at A; with the diſtance A C, 
deſcribe an arch E, chuſe any other 


point in the line A B, as D, and with A „ E 
the diſtance DC deſcribe another arch + | % + 
interſecting the former in E, join CE, © R, . „ 
and it is done; for CB will be the per- * 

8 * required | —— 3 | 1 

5 1 PROBLEM 


USEFUL IN NAVIGATION: oY | 
PROBLEM vi. 1 8 


| 


” To make Plane Ale, and fir fir 55 4 | Ribs PAY one 90 Degree 


Draw the line C A on C, erect a per- D 1 
pendicular CD, and it is done; ; for the A 
angle D C A is an angle of 9o?. Or thus, H 
On the point C, with the chord of 60% | 
deſcribe an arch G H, and ſet off thereon - 
from G to H, the diſtance of the chord of 
go®, and from C through H draw C HD 
which will form the ms D CA, of go” 
OY C 


PROBLEM vn. 


To 0 a an rate Angle equal to any Number 3 Mo 
Suppoſe 36* 30. 


- Hi the Lin BC, with the chord of 
60? or radius, in your 'compalles, and one 
foot on C, draw the arch FB, on which ſet 
off 36? 30, or 364, from B to F, through F 
and the centre C, draw the right line Ac, 
and it is done; for the angle AC B will 2 —— 
be an angle of 369 30, as was required, | FIR, OO 


PR OB LEM VI. 


1 


” 


* 


Te make n 22 Angle, that e. contain 1 20 F 
I CB, take the chord of 609 in 


your compaſſes, and with one foot on C, 
deſcribe dan arch; now as we can take off 
only 90, ſet off go? from B to G, and 
from G to E ſet off the exceſs above 90 
which is 37 20, or 374; draw the line 
CE, and it is done; for the angle 3 
will by an Os of *e 20. 


1 - | GEOMETRICAL PROBLEMS 


PROBLEM IX. 


The 2 and Hypothenuſe of a Right- angled Triangle given, to find 


either of the Legs. 


Given the hypothenuſe 250 leagues, the angle wb tak 


54 30, conſequently the other angle 3 15 30“ ; mr baſe and perpen- 
dicular are required, 


| Draw the line 'C B, and at C make an A 
angle equal to 35? 30 by drawing the line =? 
C A, take 250 from any convenient ſcale of 2 
equal parts, and ſet it off from C to A, from 72 
A let fall the perpendicular A B, to cut the * 


line C B, and it is done; for KBawaſured 
on the ſame ſcale, gives 1455 and CB 203 6 
leagues. - 
Norte. The two acute angles of a right-angled labels ks 
90 degrees. 


PROBLEM "> 


The al, and one Leg 0 s of a Right-angled Triangle being given, to fud 
* 8 


the othenuſe and the other Leg. 


| The le A C B 33 15, the leg A C 285 miles, to find 28 
hypothenuſe, and the other leg A B. 
Draw the baſe A C, lay off on it 28 5 from B We 
your ſcale of equal parts, from A to C; on 15 
A erect the perpendicular AB, with the chord | 4 
of 50, ſweep the arch AD, and on it ſet oit © 7 
33 from your line of chords from A to D, 
through D and C, draw the right line B 0 5 + 
then B C will meaſure 341 nearly, and B a A 285 C 


187 nearly, on the fame ſcale of equal POE. that AC was taken, 


from. 


PROBLEM XI. 


The Hypothent, fe and one Leg given, to Mol the ep and the 
other Leg. c 


This "23 AB 3 50, the Hypothenuſe 600 a to find the angles, | 


and leg BC. 

Draw the baſe C B, on B erect the per- 

| pendicula 'r A B, on which ſet off 350 from 
B to A, on the point A with an opening 

of boo. Draw an arch to cut the line BU, 
in the point C draw AC, and it 's done; 
for the angle ACB will meaſure 35*41'0n 2, 
the line of chords, and B C will meaſure 8 
487 nearly, on the lame ſcale of * py | 
| before uſed, | 


PROBLEM. 


| "I 


2 aud „ A an @a 


USEFUL IN NAVIGATION. 9 


PROBLEM XII. 


The Legs 9 75. Hud the 1 and the lar. 
A 
The lep AB 980 and BC 690 given, to 
find the angles A and C, and the hypothe- 
nuſe AC. | 
Draw the baſe BC, on B erect the perpen- . 
dicular AB, make BC equal to 690, and A3 
equal to 880; join AC, and it is done; for | 
the angle C being meaſured as before, will . 
be found as per figure, and the hypothenuſe 1 8. 52 | c 3 
will meaſure 1118, „ B 655 | 


880 


PROBLEM. XIII. 


Two Angles and one Side of an Oblique-angled * Triangle given, to _ 
find either of the other Legs. 


The ang le BDC 108% 30, and CBD 459 15' and conſequently 
the angle BCD 26 15 and the leg BC 98 * to find the ſides 
CD and BD. 
Draw the line BC, which make equal 9 
to 98, on the point B deſcribe. an angle — 
of 4515 then add 4.5* 15 to 1089 30 
and the ſum 153” 45 taken from 180, 
the remainder is the angle DCB = 26 —— * 
15; from the point C deſcribe an arch B 98 C 
with the chord of 60, and ſet off 26® 15, ; | ; 
and it is done; for the fide LIN wall be 46 N and DC 73,4. 
as was required. i 


PROBLEM XIV. 


| Two Side and an Angle oppoſite to one of them given, to fu the other 
Angie and the third Side. 


The ſide BC 160, and BD 79, and the an le 0 2 iven, 
find the angle D, and the ſide CD. 6 „% gin, i 
Draw the line BC equal to 160, 5 
on C make the angle DCB equal to 
29% take 79 in your compaſles, and 
with one foot on B, lay the other 
upon the line CD, draw the line 
BD, and it is done; for the angle 
D will be 9925 the angle B 5120, 
and the ſide DC 127 nearly. | 


' FROBLEM =» 


10 5 CEOMETRICAL PROBLEMS. 


PROBLEM XV. 


Two Sides and their contained Angle given, to find either of the he . 
| Angles, and the third Side. 


The ſide BC 109 BD 76 and angle CBD 101” 30' given, to 
find the angles BDC or BCD and the ſide CD, 
Draw the line BC, which make equal to D 
199; on B. ede an arch, on which ſet 
off from BC towards D 101 30, then 
draw the line BD equal to 76, join DC, 
and it is done; for the angle BDC will 
be 472 32, the angle BC L 3058, and 
the ſide VE will be 145, as was 8 | 


P %%% XVL. 
| Three Sides given, to find the _ 


The ſides BC 105, BD 85, and CD 50 miles given, to find the 
angles BC, BCD, and CBD. 
3 the line BC equal „„ „„ 
C equal to 50 in your compaſſes, and | | 
with one foot in C, deſcribe an arch as 
at D, then takę BD 85 in your com- 
paſſes, and with one foot in B, cut the | 
former arch in D, join BD and DC, f 
and it is done; for the angle B being ; "ATA „ 
meaſured, will be found 28" 4, the angle C 53* 8', which 1 
added together, i is 819 12 their ſum ſubtracted from 1805, leaves 


- 
he 1 
» 1 
1447 
1177 
# 1 
l ; 
4 ? 
4 
0 
4 
: 
T5 
2 * 
4 
[4 
I, 
1 3 


—.. WNETININITAY 
cages — 


—ñ — — 
—— 7 — = — 
8 by 


manner may another right line be drawn, 

as EF G, which ſhall croſs the firſt right 

line at the centre required, for any two 
_ diameters will always cut or croſs one an- | 
other in the central point, : £ Ms 


— 


1 angle D 98 48 as was required. 
11 PROBLEM XVII. 1 
ki To find the Centre to a given Circle. b 
j g With any radius, and one foot in the cir- C „„ 
by: eumference as at A, deſcribe an arch of a X. ; E 
liſt circle, as CBD, then removing. the foot 3 ii. 
1 from A to where it cuts the given circle, ANT: "9 
74 as at B, on B deſcribe another arch, cut= A \ ji £ XN 
Wy ting or croſſing the former, as C A D, % XN 
i} through the points of interſection faw the 94 ; 
F $ right line CD, which will give one right | 
* line paſſing through the centre; in like e 
9 

_ 
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» =. 


USEFUL IN NAVIGATION. 


1 PROBLEM XVIII. 


Firſt draw the diamete1 through 


the center, which will divide it into 


two equal parts, b ſect the diameter 
with another right line perpendi- 
cular thereto, and the circle will 


b divided into four equal parts or 
Juadrants; biſect each of theſe 
quadrants again by right lines 
drawn through the centre, and it 


will be divided into eight equal 
parts, and ſo may you continue on 
your biſections any number of 
times, that is, 8, 16, 32, &c. 
doubling the number of even parts. 


This problem 1 is uſcful i in conſtructing the Mariner' 's C 


To Soide a Circle into any Number of equal even Parts as 45 16, 32. 


I. A chord or ſubteriſe of an arch, is a right line that divides | 


_ . thecircle into two unequal parts, and 


is a chord to them both, as FH, TI. 


II. A right fine of an arch, is a 


line drawn from the end or termina- 
tion of an arch, perpendicular to the 
radius, or is half the chord of twice 
the arch, ſo that I'V is the ſine of te / 


arch T G, and of the arch TF, the 


ſum of which arches together make 
Ide, or a femi-circle,  * 


III. The verſed fine of an arch is 
part of the diameter intercepted be- 


tween the right ſine and the arch, as 


Yo, 


IV. The tangent of an arch. is a 
line drawn perpendicular to the end of the radius, or diameter, juſt 
touching the arch, as DG. 
V. The ſecant of an arch, is a right? line drawn from the center 
through the circumference, meeting the end of the tangent line to 
the ſame arch, as O D is the ſecant of the arch IG, to which DG 
is tangent, alio OR is the ſecant of the arch CT, to which CR is 


a tangent, 


Nor. Sines, Tangents; Secants, are faid to be the meaſure f 
ſo many degrees as the arch contains parts of 360, fo that radius 
being the fine of a quadrant, or a fourth part of the circumference, 
contains go degtees; thus the radius is always equal to the line of 
9 v as is 1 the > tangent of 4.5% and the chord of 60. 
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| PROJECTION 
OF THE LINES or 


SINES, TANGENTS, AND SECANTS, 
ON THE PLANE SCALE. 


1. Wu tie radia you intend for your ſcale, deſeribe a 
ſemi-circle AD B C, and upon the center © raiſe vi 

perpendicular OP, (which will divide the ſemicircle into two qua- 
dirants, AD, BD) continue CD directiy to 8, and upon B raiſe the 
perpendicular B T, then draw the right lines BD and AB. 

2dly. Divide the quadrant B D into ꝙ equal parts, then will each 
of theſe be 10 degrees. Again you may. ſubdivide each of theſe. 
parts into ſingle degrees ; and thele again, if your radius admits it, 
into minutes, or ſome aliquot parts of a cegree greater than mi- 
nutes. | 

3Zdly. Set one. foot 1 the compaſſes i in B, and transfer = of the 
diviſions in the quadrant BD to the right line BD, then is BD a line 
of chords. 
"  4thly. From the points 10, 20, 30, &c. in the quadrant BD, 
draw right lines parallel to CD, till they cut the radius CB, then 
is the line CH divided into a line of ſines, which muſt be numbered 
from C towards B. 

Sthly. If the ſame line of right ſines be numbered from B to- 
wards C, it will become a line of verſed ſines, which may be con- 
tinued to 1809, if the ſame diviſions be transferred on the ſame line 

on the other fide of the center C. 
Hthly. From the center C, through the foneral diviſions in the 
- quadrant BD, draw right lines till they cut the tangent BT, fo will 
the line BT become a line of tangents. | | 

7thly. Setting one foot of the compaſſes i in C, extend the other 
to the ſeveral diviſions 10, 20, 30, &c. inthe tangent line BT, and 
transfer theſe extents ſeverally into the right line CS, then wil the 
line CS be a line of ſecants. 

Sthly. Right lines drawn from A to the pe diviſions 10, 20, 


=; 30, &c. in the quadrant BD, will divide the radius CD into a line | 


of ſemi-tangents. 
gthly. Divide the quadrant AD ing eight equal parts, and from A 
transfer theſe diviſions ſeverally into the line AD, then is AD aline 
of rhumbs, each Woes anſwerd 8 to 119 15 upon the line of 
chord 8. 3 | 
| The 
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monly called Gunter's Scale, and as it is of general uſe, it requires 


2 particular deſcription, 


PROJECTION OF THE LINES OF SINES, &c. ON THE PLANE SCALE. 13 


The uſe of this line is for protracting and meaſuring of angles, ac- 
cording to the common diviſion of the Mariner's compals, If the 


lengths of the ſeveral lines, tangents, and ſecants correſponding to 


bers be ſet down in a table, each in its proper column, you will by 
theſe means have a triangular canon of numbers, by which the ſe- 
veral caſes in Trigonometry may be ſolved, the right lines gradu- 
ated as above, being placed ſeverally upon a ruler, form the inſtru- 
ment called the Plane Scale ; by which the lines and angles of all 
triangles may be meaſured. All right lines, as the fides of plane 
triangles, &c. when they are conſidered ſimply as ſuch, without hav- 


ing any relation to a circle, are meaſured by ſcales of equai parts, 


radius AC be divided into 100, or 1000, &c. equal parts, and the 


the ſeveral arches of the quadrant be meaſured thereby, and theſe num- 


one of which is ſubdivided equally into 10, and this ſerves as a com- 


mon diviſion to all the reſt. In molt ſcales an inch is taken for a, 
common meaſure, to determine their largeneſs and number of parts: 


what an inch is divided into is general. y let-at the end of the ſcale, as 
in the ſcales A, B, and C; the numbers 10, 20, 39, 45, ſhew that. 


ſo many parts of the ſcales A, B, C, are contained in an inch. Bi- 
any ſcale of equal parts, divided as above, any number leſs than 


100 may be. readily taken; but if the number ſhould conſiſt of thres 
places of figures, the value of the third figure can only be gueſſed 
at; wherefore in theſe ſcales it is better to uſe ſuch a ſcale as D, 


called a diagonal ſcale, by Which any number of three figures may 
be exactly found. ; 


Having prepared a ruler of convenient breadth for your ſcale, 
(which may be an inch more or leſs) Firſt, near the edges there- 
of, draw two right lines, af, cg, parallel to each other; then dia 
vide one of theſe lines, as af, into equal parts, according to the 
largeneſs you intend your ſcale ; and through each os theſe diviſions; * 


draw perpendicular right lines as far as the line eg; next divides _ | 


the breadth into 10 equal parts, and through each of theſe diviſiongs r 
draw right lines parallel to the former af and cg; again divide the 7. 4 
length a, b, c, d, each into 10 equal parts, and from the point u 
the firſt diviſion in the line d q, draw a right line; then, parallel tis 
that line, draw right lines through all the other diviſions, and the 


ſcale is done. . | | 
Belides the lines already mentioned, there is another on the plane 


ſcale marked ML, which is joined to a line of chords; and ſhews 


how many miles caſting or weſting make a degree of longitude in 
every latitude ; theſe ſeveral lines are generally put on one ſide of a 


ruler, two feet long; and on the other tide are laid down a feale of _ 


the logarithms of the ſines, tangents, and numbers, which is com- 
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DESCRIPTION any USE 
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GUNTER's SCALE. 


HIL the header is peruſing the followinie; it is proper he 
ſhould have a GUNTER's SC4LE before him. 
Gunter's Scale hath ſet upon it theſe eight lines following : 
1K. Sine rhumbs marked (SR) is a line which contains the 1155 
arithms of the natural ine of every point and quarter point of the- 
Mariner 8 3. figured from the left hand towards the right, 
with 1, 2, 3, 4, 5, ©, 7, to 8, where is a braſs pin, and where it can 
be done, into halves and quarters. 
2d. Tangent rhumbs marked (TR) alſo correſponds to the loga- 
rithm of the tangent of every degree of the ſaid compaſs, and is 
Heured 1, 2, 3, 4, at the center, where there is a pin, and from thence 
towards the left hand with 5, 6, 7, it is allo divided, where it can 
be done, into halves and quarters. 
3d. The line of numbers marked (Num. ) contains the logarithms 
of the numbers, and is figured thus; near the left hand it begins at 1, 
and towards the right hand is 2, 3, 4, 5, ©, 7, 8,9; and then 1 is the 
middle, at which is a braſs center pin, going ill on 2, 3, 4, 5 b, 7, 8,9, 
and 10 at the end, where there is another center pin; (as this line is 
generally much uſed, it requires a larger deſcription). Ihe firſt one 
may be counted for 1, or 10, or 100, or 1000, and then the next 2 is 
' accordingly 2, or 20, or 200, or 2000, &c. Again, the firſt 1 may 
be reckoned 1 tenth, or 1 hundredth, or 1 thouſandth part, &c. then 
the next is 2 tenth, or 2 hundreth, or 2 thouſandth parts, &c. ſo 
chat if the firſt I be eſteemed 1, the middle one is then 10, and 2 
to its right is 20, 3 is 30, 4 is 40, and 10 at the end is 100 ; again 
if the firſt 1 is 10, the next 2 is 20, 3 is 30, ſo on, making the mid 
dle 1 now 100, the next 2 is, 200, 3 is 300, 4 is 400, and 10 at the 
end is now 1000. In like manner if the firſt 1 be eſteemed I tenth 
part, the next 2 is 2 tenth parts, and the middle 1 is I, and the next 
2 is 2, and 10 at the end is now 10. Again, if the firſt be counted 
T hundredth part, the next is 2 hundredth parts, the middle one is 
now 10 hundredth parts or one tenth part, and the next 2 
is two tenth parts, and 10 at the end 1s now but one whole number 
or integer. 1 15 
As the figures are increaſed or Gienfcitthed i in their value, ſo in liks- 
manner mult all the intermediate ſtrokes or ſubdiviſions be increaſed 
or diminiſhed ; that is, if the firſt 1 at the left hand be counted 1, 
then 2 255 the right hand of it) is 2, and cach ſubdivinon between 
them 
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DESCRIPTION AND USE OF GUNTER'S SCALE, 13 


them 1 now is 1 tenth part, and ſo all the way to the middle I, which 
now is o, the next 2 is 20, now the longer ſtrokes between 1 and Z 
are to be counted from 1 thus 11, 12, (where is a braſs pin, then 
13, 14, 15, ſometimes a longer ſtroke than the reſt, then 16, 17, 18, 
19, 20, at the figure 2; and all the thorter ſtrokes between them lon- 
gel are now each to be counted for 7; parts from the middle I to the 
next 2, now 20, from whence the longer ſtrokes between the figures 
are units, thus, 21, 22, 23, &c. to 3 which now 1s 30, and the ſhorter 
ſtrokes each between the m, now is the tenth part.of an integer; 
from 3, each ſhort ſtroke or diviſion, is 1 tenth part of an unit, Again 
if 1 at the left hand be 10, the figures between it and the middle rare 
common tens; and the ſubdiviſions between each figure are units; 
from the middle I to 10 at the end; each figure is ſo many hundredths; 
and between theſe figures each longer diviſion is 10 from the middle 
I to 2, each leſs divion is 2 units; and from 2 to the end, each ſhorter 
divition is: 5 units. From this deſeription it will be eaſy to find the 
diviſions repreſenting any given number thus: Suppoſe the point re- 
preſented the number 12 was required? Take the diviſion at the 
figure 1, in the middle for the firſt figure of 12; then for the ſecond 
figure count 2 tenths, or longer ſtrokes to the right hand, and this 
laſt is tre. point repreſenting 12, where is the braſs pin. | 
Again, Suppoſe the number 22 was required, the firſt figure being 
2, I take the diviſion to the figure 2, and for the 2d figure 2, count 
2 tenths onwards, and that is the point repreſenting 22. 


— —— WAR —— oo 


Again, Suppole 728 was required; for the firſt figure 1, I take 85 


the midcle 1, for the ſecond figure 7, count onwards as before, and 
that is 1700; then for the third 2 count 2 tenths from the laſt, and 
it repreſents 1 20; laſtly, for the 4th, figure 8, eſtimate 8 parts out 
of 10 of the next naler diviſion, or a little leſs than 10, this n 0 
laſt found, repreſents 1728. | 
Required the Point, repreſenting the number 435: from the 4 in 
the 2d interval count towards 5 on the right, three of the larger di- 
viſions, and one of the ſmaller, and that will be the diviſion expreſs- 
ing 435, and the like of other numbers, which by a little RO is 
readily done. | 
All fractions found in this line muſt 5 decimals; and if they are | 
not, they muſt be reduced into decimals, which is eaſily done by ex- 
tending the compaſſes from the denominator to the numerator ;. that 
extent laid upon 1 in the middle will reach to the decimal required. F 
Example. Required the decimal fraction equal to 4, extend from 
4 to 3, that extent will reach from 1 on the middle to 75, towards 
the left hand; the like may be obierved of any other vulgar fraction, 
MouLuTIiPLICATION is performed on this line, by extending from 


I to the multiplier ; that extent will reach from the multiplicand to 
the product. 


Suppoſe, for example, it was required to find the product of 16 


multiplied by 4, extend from 1 to 4, that extent wal reach from 16 
to 64, the deen required. | 


Divizzon 
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DrvisroN wade the reverſe of Multiplication, thereſory mend 
der the diviſor to unity, that extent will reach from the dividend 
to the quotient. | 

Suppoſe 64 to be divided hs 4, extend from 4 to T, that extent 


will reach from 64 to 16, the quotient. 
N. B. "This extent in D: viſion i is to be taken . from the 


dividend to the quotient, but in Multiplication it is taken for ward from 
the multiplieand to the product, they being contrary to one another. 

PRoOPOKT1ON, or the RULE oF THREE, being performed - by 
- Multiplication and Diviſion, therefore extend from the firſt term to 
the ſecond, that extent will reach from the third term to the fourth. 

. Example. If the diameter of a circle be 7 inches, and the ' cir 
cumference 22, what is the circumference of another circle aha” 
diameter of which is 14 inches: S 
Extend from 7 to 22, that extent will reach from 14 to 44 the 
fame way. e 

In like manner may any other proportion of any denomination": + 
be worked, which makes this line of general uſe, particularly im 
. meaſuring Superkices and Solids, which is done by extending, from 
I to the breadth, that extent will reach trom the length to the ſus. , 

| perficial content, A's. 

Example. Suppoſe a plank or board 15 inches broad, and 27% 
feet long, the content of which is required. 8 5 

Extend from 1 to 1 foot 3 inches; that extent will reach from 5 
27 feet to 33,75 feet, the ſuperhcial content. Or extend rote” 120% 5 
inches to 15, &c, « 

The ſolid content of any bale, box, ein: &c. is found by exc 
tending from 1 to the breadth, that extent will reach from the depth 
to a fourth number, and the extent from 1 to that 4th number,” will. 
Teach from the lerigth to the ſolid content. 

Example 1ſt. What is the content of a ſquare pillar, whoſe length 
is 21 feet ꝙ inches, and breadth 1 foot 3 inches? 

The extent from 1 to 1,25, will reach from 1,25 to 1,56 the con- 
tent of 1 foot in length; again, the extent from 1 to 1,50 will reach 
the length 21,75 to 32,08 or 34, the ſolid content in feet, Oy 

* Example 2d. Suppoſe a ſquare piece of timber, 1,25 feet broad, 
from 56 deep, and 26 long, be given to find the content: e 

Extend from 1 to 1,25, that extent will reach from, 56 to, then 
extend from 1 to , that extent will reach from 36 to 25, 2 the ſolid 
content. In like manner, may the contents of any bales, &c. be 
found, which divided by 40 will give the tonnage. 5 

3diy. Ihe line of Sines marked (Sin. ) begins at the left hand, 

and is figured thus: 1, 2, 3, 4, 5, Ke. to 10; then 20, 30, 40, de. 
to 90, ending at the right hand, where a braſs center n here, and 
in all lines under it, are called degrees. . 
Athly. The Une of verſed fines, marked (V. 9.) begins at the Habt 1 
hand, againſt go? on the fines, and from thence figured towards the 


lelt hand thus: 10, 20, 30, 4%, Ke. Facing at the left hjand- about? 
109 3 
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16973 each of the ſubdiviſions, from 10 to 30, are 2 degrees, and 
from thence to 99, it is ſingle degrees, and from thence to the end, 
each degree is divided into 15 minutes. 
5thly. The line of tangents, marked (Tang. ) begins at the left 
hand, as do the fines; from thence it is figured to the right hand, thus: 
1, 2, 3, Kc. to IO, and ſo on 20, 30, 40, and 45, at the right hand, 
where is a little braſs pin, juſt under and even with go® in the fines; 
from thence back again it is figured 50, 60, 70, 80, &c. to 89, end- 
ing at the left hand where it began at i degree. The ſubdiviſions of 
this line are the ſame as thoſe of the ſines. i 
othly. The line of the meridional parts, arte (Mer. ) begins at 
the right hand, and is numbered thus: 10, 20, 30, to the left hand, 
where it ends at 87 degrees. This line, with the line of equal parts, 
marked (EP) under it, are uſed together, and only in Mercator's 
ſailing. The uppermoſt line contains the degree of the meridians, or 
N latitude, i in a Mercator's chart; and the e is S the equator, and 
contains the e of longitude. 8 | 
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The Uſe F ite Line of Lines, marked on the 7 Sid: of the Seitar( LL * 


"HE uſe of the ſector is taken from the property of two equilaeee —— 
ral ſimilar triangles, thus in the following OO: 3 : 
AB and AC are equal legs, or 
_ radii, of an iſoſceles triangle, ſtanding 
on the baſe BC: Now, by the pro- 
perty of ſimilar , drawing DE 
parallel to BC, the two triangles A 
ADE and ABC are fimilar and pro- 
portional; or AD: DE:: AB: BC. 
AB UD : DE, 


Now, ſuppoſing AB ad AC to be divided each into 100 equal 
parts, and it is required to divide any opening of the legs as BC in 
the ſame ratio as AB, AC is divided into, it is inftantly performed £ 
: by taking laterally the diſtance DF. in your compaſſes, and apply it 
DE. from C to B, and the line BC will be Ae in W ſame ratio as 18 
. the line AB or AC. | 


3 os 7 8 | | | 5 PRO- / 
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PROBLEM I. 
To divide a given Line in to any 2 8 of Equal Parts. - 
Suppoſe DE is required to be divided intop jy 1 4 
S6 equal parts? | | „ „ 
Or ERATION.— Take DE in your compaſſes, and open the legs of 
the ſector, ſo that the opening of the compaſſes DE ſhall juſt fall on 
the line of lines on each leg of the ſector, on 6.5; then take off 1.1 
Jaterally, and ſet it from D to D 1, and D 1 will be the I- ſixch part 
of the given line DE. ; 1 | 1 —- 
To this problem may be referred the method of making a ſcale of 
a given length, to contain a given number of equal parts. 


1 FRO LEM 1H. | 
_ - Suppoſe the ſcale to the map of a ſurvey is 6 inches long, and con- 
. tains 140 poles, required to open the ſector, ſo that a correſponding 
ſcale may be taken from the line of lines ? | ET 

- SoLUTION.—Make the tranſverſe diſtance 7 and 7, or 70.70, vix. 
equal to 3 inches = 2; and this poſſeſſion of the lines will pro» 
Euce the given ſcale, r= 85 
1 M II. 

Loet a ſcale of 4 inches to a degree in longitude be reduced to ano- 
ther ſcale of 3 inches to a degree of longitude? — 
SOLUTION, —Svet off any diſtance on the 4-inch ſcale tranſverſely 
to 40. 40 or 4.4, on the line of lines; with this opening take off 3.3 
or 30.30, and it is done, this lateral diſtance being the proportional 
part required, | | | | „ 


| %%% A#IY, | 
One ſide of any triangle being given, of any length, to meaſure the 
other two ſides on the ſame ſcale? | _ 
Let the triangle ABC be drawn. 
T would have the fide AC meaſure 
63. What are the meaſures of the 
other two ſides, AB, BT? 


Hh | 4 5 SN 
 SoLuTION,—Take AC in your compaſſes, and apply that diſ- 
tance tranſverſely to 6.3 or 63; to this opening of the ſector apply 
the diſtance AB in your compaſſes to the ſame number on both {ſides 
of the rule tranſverſely; and where the two points fall will be the 
meaſure on the line of lines of the diſtance required; the diſtance 
AB will fall againſt 50. 50, and BC againſt 45.45 on the lines LL on 


WS 


1 


8 
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60. 60 on both ſides fall on each point; © a 


the chord, ſine, or tangent of any angle be found, ſet off, or known; 
to any given radius. | | e 


2 


T OGARITHMS are a ſeries of numbers, invented by Lord 
L Napier, Baron of Marchinſton, in Scotland, by which the work 


diviſion may be done by ſubtraction ; ſo that great time and trouble 
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Uſe of the Line of Chords on the Sear, marked (CC) on each Side. 
"Che line of chords on the ſector is laid down on both ſides as far as 


600 each degree is divided in half or 39 3 the uſe is only to lay . 


down angles, or meaſure their arches to any given radius. 
1 1 
In the given cirele ABC to lay off from the points C 5 > of 30e. 


SolLurioN.— Take the radius DC in 
your compaſſes, and open the ſector until 


with this opening take off 30 30 on both 8 
ſides tranſverſely, and applyit from Contge 
arch towards B, as at a, and it is done; an A? D 
the > a DC is an arch of 30? required. 3 
In this manner, by ſetting 60.60 to 8 - 
radius on the chords, or -90 90 on the . 
fines, or 459 45? on the tangents, may Re 


. 
PF 
* 
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of multiplication may be performed by addition, and the operation of 


are ſaved thereby in the performance of all arithmetical operations; 


for if the logarithm of any two numbers be added together, the ſum 
will be the logarithm of the product; and if from the logarithm of 


the dividend you ſubtract.the logarithm of the diviſor, the remainder 
will be the logarithm of the quotient, Again, if the logarithm of 


any number be divided by 2, the quotient will be the logarithm of 
the ſquare root of that number; or if the logarithm of any number 
be divided by 3, the quotient will be the logarithm of the cube root 


of that number. | _ | 
The moſt convenient ſeries now made uſe of is the following 
o 1 i + 5 - a _ 


1 10 100 1000 10000 T1oooon, &c. logarithms. _ 
By which you perceive the index of any logarithm always one leſs 


than the number of, figures the integer contains, 


G2 > | Ts = 
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70 find the Logarithm of any 8 containing le oſs than * 5 Figures. 


| EXAM p LES 
I wapld find the logarithm of 7 ? 


Look in the table for the number of 7 in the fide column, and 


againſt it is 0.84510. This number having but one figure in tage 
index thereto is o. 


J would find the logarithm of 79 - | 
Look in the table for the number of 79 in the fide 8, ba 


againſt it is 1.89763; to which 1 is the Index, doraule: the number 
contains two figures. 


I would find the logarithm of 763 7 


Againſt 762, in the firſt fide column, is 2.88252 to catch vols 
the index 2, as the number contains 3 places of figures, 2.88252. 


To * the n of 76 34. 


Find the logarithm of the three firſt figures in the ſide 8 as 
before; and, caſting your eye on the numbers on the top line of the 

table, look for the remaining figure 4, bring your eye to bear down 
that column, and right againſt 763 is the logarithm 88275, to which 


prefix the index 3, as it contains four places of figures, thus: 3. 8825 
is the logarithm of 7634. 


Ts find the Fox 4ithm of any whole "ROS to5 8 of 5 

Suppoſe 76345 ? 5 

Look out the logarithm of the three firſt Sees 763 i in the ſide 
column, and the next figure 4 in the top column as before, and againſt 
the angie of meeting is 88275, as before. Take the difference be- 
tween this logarithm and the next greater ; that is, the difference be- 
tween 275 and 281, which is 6 ; ; then ſay, by the rule of three, if 10 
gives 6, what will 5 give? that is its half or 3; which, added to the 
| logarithm 88275, makes 88278 ; to which prefix the index 4, as it 


contains five places of figures; and that makes the logarithm of 
76845 to be 4.88278. 


5 Again, to find the Legarithm of any Number to 6 Places of Fi igures, as 

703455. | 

Find the leer un of the 4 firſt places of figures as before 88275, 

as above; then ſay, if 10G gives 6 difference, what will 58 give? 
Anſwer 3; which added to 88275, makes 88278; to which prefix 

its index 5, makes the + of 703458 to be 5. 45 55 = 


75 


75 , find the Logarithm f any you Number, as 76 3.4 58. 


Where the integer is 763, or bas only three h 4 the 


rule is: Find the logarithm to all the figures, the ſame as if they were 


Whole numbers as before, to which prefix always the index of the in- 
teger, which in this number is 2; ſo that the log. of 763.458 is 
2.88278, nearly the ſame as above, only differing in its index, 


To find the Nanber anſwering to any Logarithm to 4 Places of 
Fi. gures. 


Seek 1 the a o, at the top of the table, the next leſs 
logarithm; note the number againſt it, and carry your eye along 
that line until you find the neareſt lo arithm next leſs than the given 


one, and you will have the fourth figure at the top of the table, 


which affix to the three given ones in the firſt fide column. 


What is the number to the logarithm 3.77342? ] look in column 
o, and find under it, againſt the number 593, the logarithm 7705; 


and, guiding my eye along that line I find the given logarithm 77342 
aer the column, with 5 at the top; ſo that the number is 5935. 


The Number, if taken out by this precept, will be _ * N 


required or the next leſs. 


70 find the Number eifrig a any L earth to 5 Places 7 - 


nearly. 


| Find the next leſs logarithm to the given one ; and mhe 7 its differ- 
ence betwixt it and the given one; allo take the difference betwixt 
the next greater logarithm, and next leſs to the given one; then ſay, 
as the difference of the next greater and next leſs is to 10, ſo is 
the former difference to the correction ſought ; —as ſuppoſe you 
would find the number to the logarithm 4.59532? 


4.50632 


4. "IAN The . next log. I can find is 59627 =its num. 39470 


The next greater ditto is 59638 = — 39480 


DO ——ð—B. NES 


„„ Difference = It -- | 10 


5 
Then ſay, 11: : 5 2 5 nearly the correction; which] add to the 


number 3947, Wee the number ſought to be 39475» anſwering ta 
the Jogarithm 4. 59532. 

Nor E. Aliquot or even parts may be taken of the difference be- 
tween the leſs and greater logarithms, where it can be done, thus: 
In this laſt 5 is nearly the half of 11, as 5 the number ſought is of 10, 


the difference of the two numbers belonging to the greater and leſs 


logarithms, which will _ ſave time and trooule. 


- MULTI- 
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. ³ ² = —˙˙ nm ne rs 


— 


to the number of the logarithm 37672 
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| MULTIPLI CATION BY LOGARITHMS. 


C:AS EL — 
7 72 the Product of two whole or mie 3 


Multiply 76 Log. 1.88081 Multiply. 76.4 Log. 1.88300 


WM 54. r 0.73239 
Product 4104 = =3-61320 product 412.5 22.61548 
nn. . 


When both, or either, of the fractions are leſs than unity, as if 
0.265 Log. 9. 232g Here the 1ndex of a fraction is 9, when 
0.031 8.49136 the firſt decimal figure, as 2, ſtands in 
- the firſt decimal place; but if it ſhould 


.ooB215 — 2 79 91461 ſtand in the ſecond. decimal place, as the 


Zin. 031, the index il be 8; if it ſtood in the third decimal place, 
28. 0031, the index would be 7. Thus the number of cyphers, pre- 


| fixed to any decimal, and the index of that decimal al ways together, 


make 9 ; ſo that if you take the number of cyphers prefixed to the de- 
cimal from, 9 remains its proper index. In the addition reject 10 in 


the ſum of the indices; and the proper product, or value of the pro- 


duc, will be obtained: By reaſon, if 9 repreſent the index of a frac- 
tion, 10 will repreſent, in this caſe, the index of unity. Indeed the 
index of unity may be aſſumed either o, 10, 100, &c. as you pleaſe; ; 
but generally for molt uſes, is not wanted to be more than 10, as in 
the fines, tangents, ſecants, Ke. As 7 or 8 places of decimals are 
generally ſufficient for all purpoſes, take theſe two more examples: 
mes rpg 3-72 Log.=0.57054|Multiply 59.4 Log. = 1.77415 
by 0.00064 - 6.80618] by 8.4902 


mn 8 
0 —— 


Product . 0023808 7. 37672 dae 0018414 = 7.26021 


Here the remainder to 9 is 2 in the 
index; therefore prefix two cyphers 


-- 


for the | on required, 


DIVISION BY LOGARITHMS. 
EASE L 


To divide a whole or mixed Number by a leſs whole or mixed Number. 
| Rurs.—From the logarithm of the dividend ſubtract the logarithm 
of the diviſor, and the remainder is the logarithm of the quotient. 
Divide 4104 by 544. Divas 420.4 by 5:4- 


4104 Its logarithm is 3.61321 | 410.4 Its logarithm is 2.61321 


54 Its lagarithm 3 is 1.73239 5.4 Its logarithm is , 73239 


————ů D— 


—— —— — 


76 Quotient = 1.88082 16.0 Quotient -= 1.88082 
- 5 To CASE 


189 


F 


* 10888 


n 


11 


ro-. 10 in the ſame manner as I flung 


bY wm pd mw — 


1 1 W 


are. „ 5 


CASE II. 


| When both, or either, fractions are less than ance ?- 


If I had ae the 


As divide 008215 by 03. | NorTE. 
.oo8215 Its log. is #9.91461jindex of unity 100, then the index 
z In WM 8.491 36of the firſt - number would have 
—— ——en 97 or 9.91467, 


2 Product 9 42325 and —  98-49136 
NoTs. BR the indices here I bor-|. 


99-4232 
So that 99 is the doe of the firſt 


it awa in addition. 
* decimal place under 100 in this caſe. 


Divide 002 3308 by 3.72. Hiri 59-4 by 000031. = 
,0023308. Its log. is 7.376724 99.4 Its log. is 1.77415 
| 372 I's log. is ©.57054| . .ococozx Its log. is 5.49209 

«00064 Quotient 6.8061 80 %, /e Its quotient e 


Nore. — Whatever index you make repreſent unity, omit it in 
the ſum of the indices, and borrow it in the ſubtraction of indices, 
the ſum or remainder will be the true index required. 


To EXTRACT the ROOTS in LOGARITHMS. 


As the multiplying the 3 of any number by the index of 
its power produces the logarithm of that power; ſo the divilion of 
any logarithm by its propoſed index, the quotient will be tne loga- 
rithm of the root required. 


What is the ſquare root of 324? | What is the cube root of 10648 ? 
324 Its logarithm 1 is 2)2.51054 | 10648 Its log. is 3) 4.0272 
18 Log. of the root is 1.25527 | 22 Log. of the root is 1.34242 


T6 find any * root of any decimal fraction, you muſt firſt 
prepare the index for the diviſion by the propoſed power, thus * For 
the ſquare you muſt add 10 to the index before you divide it; for the 
cube you muſt add 20 to its index before you divide it; and ſo on a for 
the root of any power propoſed, 


| kxaurtt. What f is the ſquare root} What is the cube root of 1252 | 


_ of .cor1849?. | 
| 01849 Its log. is 7.26694 125 The log is 2.09691 
Add ä 55 5 mk 
2) 17.266944 Sum 3)29. 69691 


ee 5 Its root = 9.69897 


0 3 The og: of the } _ | 
. is | J 8 8.63347 
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The APPLICATION of LOGARITHMS in meaſuring 


Boards, Timber, Glaſs, 


i the content of a hd or 
plank 95 feet long and 14 foot 
broad ? - 


0.97772 


Log. of 97 or 9. 5 is 
Ig or 1.25 is o. 9691 
11.88 nearly log. of cont. 


Stone, and all kinds of 


Packages, 1 88 taken on board N 


of glaſs 2.9 feet long. and 1.75 
broad? | 


Log. of 2. 9 = . 46240 
c 1.75 = 3 
„ ao. og 


or 11 feet 10% inches nearly. 


1.07403] 


The content is 5. 075 feet. 


In like manner may any dimenſions be ſquared, and the content 


be found. 


If the folid content be required of any box, bale, &c. add the lo- 
garithms of the length, breadth, and depth . the ſum will be 


the log. of the ſolid content. 


ExamPLe.—What is * ſolid 


content of a box whoſe depth i is | 


2. 7, breadth 2. 3 and length 4. I feet ? 


2. 7 Its log. is o. 43136 
3 2. Its log. is 0.36173 
| les log. is o. 65321 


Sum equal the log. of the content 
feet nearly, 


The 1 of a We at the 


1.44630 = number 27. 95 or 28 


"or and bung, and alf i its length 


being given, to find its content in beer and in wine meaſure ? 
Ht. Multiply the difference of the head and bung diameter by o. Ts 


RULE FOR WINE MEASURE, 


Place down the log. of the mean 
diameter twice the log. of the length, 
and under theſe two the conſtant log. 
7.53148, the ſum of theſe four loga- 
rithms will be the log. of the content, 


and add the product to the head diameter for a mean diameter. 


Rl FOR BEER MEASURE, | 


Put this conſtant log. under the two 
former logs. always 7.44484 the ſum 
of the four logs. will be the content 
tor beer gallons, abating | 10 in the in- 
dex. 


abating 10 in the ſum of the indices. 


— 


_ 


»The AuTHoOR hee 12507 oubliſhed : an im era Gowns 5 SCALE, on 


which the foot is divided into 10 equal parts, a 


or decimal fractions. 


theſe parts ſubdivided into 10 


equal parts, for the purpoſe of taking dimenſions and calculating by logarithms 


EXAM= 


33 the content. of a piece 3 


20GARITHMS, 1 25 


EXAMPLE.— What i is the content of a caſk 1 head diameter 
is 20, the bung diameter 28, and length 40 inches F 


= — | 28 : : 5 
. bf | 5 | - 20 FE | _ 7 
. 8 Difference. | 3 „ 
19 | N 4 6 Number to be added to. 5 
9 The head diameter 20. 0 | 
] FOR WINS. | FOR BEER. 8 
8 _— FT 2.40824 | 1.40824 
| Log. of mean, diam, = ba Log OO 118827 5 
t Length 40= 1.60206] — — 1. 60206 
= Conſtant log. 7.53148] —— 744484 
E Log. of 89.13 gallons 1.95002 Anſ. 73 gall, = 1.86338 of beer. 
the content for wine. 


—Y The way theſe two conſtant mulcplying logarithms were found i bw) 
S thus : | 
Iſt. The area of a circle, whoſe diameter is unity, 1s 78 54 decimal 
parts of the ſquare thereof; ſo that if the ſquare of the diameter of 
any circle be multiplied by 78545 the product will be the area of 
the given circle: hence ,7854 is always a conſtant quantity whoſe 
logarithm is 9.89509. 
3 2d. If the area of a circle be divided by 231, the number of cubic 
inches there are in a wine gallon, the quotient will be the number of 
_ gallons that circular area contains, at I inch deep: hence 231 is a 
Conſtant diviſor. Its logarithm is 2. 36361, the arithmetical comple- 
ment of which is 7.63939, which 1 add to the former conſtant | 
» 8 logarithm 9. 8g950g ʒ ZM 


22 
The fol 7. 53148, abating 10 in the indices, is the conftan lo- 
0 garithm to be added, as per rule, for wine meaſure, | 
n For beer meaſure the diviſor is always 282, its logarichm i is 2. 4 502 57 
4 Whole arithmetical complement i is 7. 54975 | F 
£ Add 9. 805% _ 


Sum 7. 44484, the cane 
for bei meaſure, as per rule, omitting 10 in the index, or lubtraR | 
n 2.45025 from 9. 8950 %ũ ] | 
0 Lale - 


ey SEP 


Remains 7. 44454; the ſame as above. 
D 


„„ irn 


The common Way of a 4 Ship s PR at Lander, 


Rue. — Multiply the length of the keel by the breadth of the brim, 
* that product by half the breadth of the beam, and divide the laſt 
product by 94, and the quotient ariſing is the tonnage. 
EXAMPLE. —Suppoſe 2 ſhip 72 feet 13 the keel, and 24 x the 
beam, what is the GT 


72, 8 


Length | log. 1 1.35732 
% +=  - do; | x.9802r. 
Half-breadth _ 12, - - do. 1.07918 
Arith. complement of log. of 955 do. 8. 02687 


2.34359 Anſwer, 


Tonnage 220.6 - ; is 


To find the Logarithm of the Sines, 2 and Secants, belonging 
ls any Number of Degrees and Minutes required, _ 


„I the required degrees be leſs than 45, ſeek the degrees on the 
top, and the minutes in the left-hand column marked M, againſt 
which in the column ſigned at the top with the propoſed name, ſtands 
the ſine, tangent, and ſecant required; but when the degrees given 
are more than 455 ſeek the degrees at the bottom, and the minutes in { 
the right-hand column marked M at the bottom, and the propoſed 

name of the bottom, Here it may be obſerved, that the degrees at 


the top and minutes at the left-hand column, added to the degrees at 
the bottom and minutes in the right-hand column, always make go; 
hence, if a {ine be looked for, the co- ſine or complement will be 
found in the n enen. the ſame may be ovieryes: of tangents 
and ſecants. 
| EXAMPLE V. —Required the log. bx II. —Required 8 
ſince of 289377? : tangent of 67% 45! 
Find 28 at the top of the page, Find 679 at the, bottom of the 2 
and in the left. hand column mark- page, and 45 at the right-hand 
ed Mat the top, find 37; againſt column marked M at the bottom; | 
which, in the column marked with [againſt this in the column marked 4 
the word Sine, ſtands 9.68029, the Tangent at the bottom, ſtands 
logarithm of the fine of 28? 37 10. 388 16, which is the logarithm 
required. Ihe fame may be ob- required. 8 
ſerved of tangents and ſecants. - 
| 1! 
| Having the ſine, tangent, am ſecant, the coſine, co-tangent, and 0 
co- ſecant, are always found in the adjoining columns. Pl 
' The logarithm to any number. of degrees above 90, is found by ti 
0 


ſubtracting the given degrees from 18095, and taking the logarithm of 
the remainder ; or if 96? be ſubtracted from the given ſine, and the 
log. co ſine of the remainder be taken, it will give the ſame as above. 


To 


* * 


8 


Lors. * 


To To fud the Deg res, Aris and Seconds, . ta any given 
Logurithm. 


If the degrees, minutes, and ſeconds, be wanted to a given loga- 
richmic ſine, or co- ſine thus found, and the next greater and the next 
leſs than the given logarithm, and the difference between the given 


logarithm and the next leſs if a ſine, and the next greater if a co- ſine; 


then ſay, as the difference between the next greater and the next leſs 
is to 60", ſo is the difference between the next leſs if a fine, and the 
next greater if a co- ſine, to the number of ſeconds to be annexed to 
the degrees and minutes found before. | 


EXAMPLE I.—Find the degrees, minutes, oy ſeconds, correſ- 


ponding to log. fine 9.61405 ? 


Next leſs log. 9.61382 Next leſs log. 9.61382 
Next greater 9.61411 Given log. 9.51405 


. — * f =» * 1 


JF 


Here the given 3 is « found fanding between 24* 16' and | 249 
I7'; ö then as 29 is to 60, ſo is 23 to 48, which annexed to 24 16, 


gives 24 16 48, anſwering to log, 9. 61405. 


ExAurrE II.— Find the degrees, minutes, * feconds, corre- 
ſponding to the log. co- ſine . 43297 ? 


The neareſt found between 74 16 and 74? 17 


Next greater log. 9.43323 Next leſs log. 9. 43323 88 


Next he 5 9:43276 Given log. 943297 
Diff. 4 550 


' Now as 45 is to 60, ſo is 26 to 34", which annexed to 74 16 
Bom 7+ 160 34 „the en minutes, and ſeconds required. 


7 fd: the han of the Sine or Co-f hf ne, for ben, Montes, and 


8 eco 


_ RuzE. Pint the logarithm to the degrees and minutes as before ; 


| take the difference between the logarithm and the next greater in the 
fine; but if a co-fine, the next lels ; multiply this difference by the 


odd ſeconds, and divide the product by 60'; add the quotient to the 


right-hand of the log. of the degrees and minutes, if a fine, but ſub- 


tract it if a co- ſine, the am or rene 25 be the * _ line, 
or co-line required, 5 | + 


" 3 A 


* = 

1 + 

we . SE ad. * 
r NR N 


18 Sof TRICAI PROPOSITIONS. 


EXAMPLE [.—Req uired the | ExamPLE II, —What is the 
log. ſine of 249 1b 382 log. co-ſine of 74” 16' 24"? 
Sine of 240 16, 9.61382 | Log. co-fine of 745 8 943553 
Sine of 6.4 I7 9.61411 ys co-lue of 74*17 9. 43278 


TVC 75 Diff. | 47 
| Now 29 multiplied by 48 No 47 multiplied by 34 
9 1392; this divided by 6 | 1598 ; this divided by 60, gives 


e quotient is 23, which added | the quotient 26 nearly; and 26 
to 9.61 382, gives 9. 61 75 the ſubtracted from 9.43323, leaves 
log. of 24® 16' 48", 1 43297, the bg.” co-line of 

: | 74 10 34% 


If the given ſeconds be Z 2, 4 5 or *, or any other even parts of | 
a minute, the like parts may be taken off the difference of the loga- By 


rithms, and added or ſubtracted as above, which may be ai np 


done by inſpection. 
2 5 | 
To find the Arithmatical . of « any Lagarithm. 
| 0 

The complement Arithmetic of any logarithm i is what it wants of 
| 40:00000 or 20.000d0, and is uſed to avoid ſubtraction. For finding ” 
it, this is the rule: Take the reſidue or remainder of the firſt figure « 
tog, and ſo of the reſt, till you come to the laſt figure; of which, | \ 
take! its remainder under IO, and it is done. c 

2 
FExAuLE I.—I would have the complement arithmetic of i 
&#& 9.62595? 4 

For the firſt figure 9, write 0; for 6, 3; for 2,7; for 5, 4; for : 
9, o; and for the laſt figure 5 write 5; and ſo 8 have 9:37405 for p 
the ment arithmetic ſought, 5 | : 

ExAMrIE I.— The complement arithmetic of 20. 5.33133? 

For o write 9, and ſo on as before directed, and then you will s 
have 9 66867, which is the 5 arithmetic of 20. 331 33. | 
Or thus: l 

From 10.00009 From 20. 000 1 
me 0: 02595 take 10.33133 p 
| 0. 37405 9 66867 : 

It will be neceſſary for the reader to make himſelf well acquainted- i 
with the following propoſitions, as he will find them uſeful when he BY 
goes into FTrigonometry, * are here rendered plain and eaſy to 10 
be underſtood: „ 5 = 

' PoyosrTION I,.—If a right line ſtands upon, or meets with $ 


another right line, and makes angles with it, the two angles taken to- 


| gether will be two right TS, or two angles Sang to two ri ght an fret 
| | | et 


. 0 


ne | &Q&w 


e 


and AGE, they will be found equal 


GEOMETRICAL PROPOSITIONS © 29 


Let the line CD meet AB in D; on 
D erect the perpendicular D E ; with the 
chord of 60“ in your compaſſes, and one 
in D, deſcribe the arch A E B, which will 
be a ſemicircle or 180 of which A B is 
the diameter, and the angles AD E and 


BDE are quadrants, each 90%, becauſe ED A_ e 


is perpendicular to AB: now the angle BDC is leſs than 90, ſince 
the two angles together make neither more nor leſs than 1807 or a 


| ſemicircle; conſequently any number of right lines ſtanding upon the 
fame. ſide of the line AB, and coming trom the ſame point D, the 


ſum of all the angles formed by ſuch right lines cannot exceed 1808. 


2 


If the angle BDC be ſubtracted from 1809, the remainder will be the 


3 „ 
in the ſame manner. 


225 


PRoPosITION II. If two right lines croſs each other, the angles 


which are oppoſite are equal one to the other. 


Let the two lines AD and CB croſs _ . „„ A 


each other in the point E. With the chord 
of 609, or any convenient radius, in your 
compaſſes, and one foot in E, deſcribe a 

circle; then, by meaſuring the angles, it 
will be found that the angle A E B is 

equal to the angle CE D, and that the 
angle AEC is equal to the angle BED ; 

for the angle AE B added to the angle 
AE C makes a ſemicircle; and fo do 
the angles BED and DEC; and all the 


angles taken together make 3600. TJ 2 B 


PRO POSITION III.—If a right line croſs two parallel lines, the. 
outward angles will be each equal to the inward and oppoſite ones. 
Let the lines AB and CD be pa- | : 
rallel lines, and E F the line that 
cuts them in the points G and H. 
With the chord of 60% in your com- 
paſſes, and one foot on G and H, 
deſcribe the arches BEA and DFC, 
which will be each a ſemicircle ; 
now by meaſuring the angles BGE 


to the angies DHF and F H C, 
and each equal to 180, by the firſt 
Propoſition, In like manner it may 


be proved, that the two outward -F 
angles are equal to the two inward and oppoſite ones. 


„ | Po- 


angle CDA or if the angle ADE is given, the angle BDC is found 8 


by oo 
8 * 1 833 


. GEOMETRICAL PROPOSITIONS» 


ProposITION IV.—In every plane triangle, whether right or | 
_ oblique, the three angles are equal to two right angles or 1809. | 


A -©A oa» my tm 


In the triangle AGB draw CD parallel to AB through the point 
G; on which point, with the chord of 609, or any convenient radius, 
deſcribe a circle on the point G; and with the ſame radius, on A and 
B, deſcribe arches; now, by the laſt propoſition, the angle AGB will : 
be equal to the angles FGE, and the angle ABG will be equal to the 
angles CGE, and the angle BAG is equal to the angle DGF : now, 
fince the oppoſite angles are equal, the angles DGF, FGE, and 
EG C, together, make a ſemicircle or 180? therefore it is plain that 
the three angles of a plane triangle, whether right, acute, or obtuſe, 
together, are equal to two right angles or 180; hence it follows, 
that as the right angle BAG is 90%, the other two acute angles 
ABG and AGB taken together, can be no more than go"; therefore, 
if one of the acute angles, in a right-angled triangle, be given, the 
other is found by ſubtracting the given angle from 90. And in any 
oblique- angled triangle, if one of the angles be given, the ſum of the 
other two is found by ſubtracting the given angle from 180; and if 
two angles are given, the third is found by ſubtracting the ſum of 
the two angles from 180. 1, | 


A op ow ny _- BY oh dt xn 


PRoPosITION V.—-In every plane triangle, if one of its fides be | p 
e the outward angle will be equal to the two inward oppo- ; 
lite angles. 5 VV _ 
Let ABC be the triangle, and CD 7 
the ſide produced; with the chord of torn 
 6C®, or any other radius, deſcribe arches 
on AB and C, draw CE parallel to A 
B; then, by the third propoſition, the 
angie ACE muſt be equal to the angle 
BAC, and the angle D C E equal to 


the angle CBA ; therefore the outward angle DCA is equal to the 
two inward oppoſite angles ACB and BAC; which may be eaſily b 
proved by meaſuring the angles by the line of chords on the plane tl 


ſcale. 


Norg. kc 


TRIOCONOMETRT＋. : 31 | 


Nor. hope the learned mathematician will excuſe the method 
here taken of demonſtrating the above propoſitions in a mechanical 
manner, judging it beſt adapted to the capacity of thoſe for whoſe uſe 
this book is intended, not doubting but the teacher will, as I always 
do, demonſtrate them in a more geometrical manner to thoſe who are 


capable of receiving ſuch, | 


- FF — — 
n 5 a 


— Nh ů ———— 
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TRIGONOMETRY. 


0 5 5 ; b 1 7 4 


DLAIN Trigonomety is the art of meaſuring plane triangles, by 
comparing the ſides and angles together by known analogies z 
whereby three things being given, a fourth may be found, on condi- 


tion that one of them be a fide: but as angles are meaſured by the 1 . 
arch of a circle, deſcribed upon their angular points, and the pro- Þ 


portions that theſe arches bear to right lines cannot be exactly found; 
therefore the writers of Trigonometry have applied right lines to 
thele arches, that the proportion they bear to the ſides of a plane tri- 
angle may be found. lc. | N : 
Ihe right lines applied to a circle are: 

Iit, A CHoRD, or the ſub- 1 N 
tenſe of an arch, is a right line | 
that divides the circle into two Cu OS; 5 
unequal parts, and is a chord | 4 The 285 
to them both, as DH is the | on ons | 
chord of the arches DH and | 3 eee 
D A H. . | | . * 7 5 

Ad. ARiour Stun of an © +, >, 
arch is a right line drawn from © WW 
one end or termination of an fg [/ £ 
arch perpendicular to the ra- fe 5 


dius, or it is half the chord of D: . 
twice the arch; ſo that RS is Rat MA wy 
the ſine of the arch AS, and 3 | | 5 
S Z the co- ſine. | | Es. e 
-. 3d. A Verſed SINE is that „ 
part of the diameter contained ET 7 
between the right fine, and itt WO bo” 
the arch, as R A and R CD, | | 
and is the verſed fine of 8 H 1), or DEP its equal. | 

4th. A TANGENT of an arch, is a right line drawn perpendicular 
to one end of the diameter, juſt touching the arch, as A T is the 
tangent of the arch A'S and H G the co-tangent. 


th. A SEcant 


throu 
as CT. - | | 
Nor. The fine, tangent, and ſecant of the complement of an 


= |} TRIGONOMETRY. 
A StcanT of an arch is a right line drawn from the center 


gh the circumference, and produced until it cuts the tangent, 


arch, is called the co-fine, co-tangent, and co- ſecant of that arch. 


The ſines, tangents, and ſecants of an arch, are ſaid to be the 


meaſure of ſo many degrees, as that arch contains parts of 360 de- 


grees ; ſo that the radius being the ſine of a quadrant, or a fourth part 


of a circle contains 90; thus: The radius is always equal to the fine 
of 969, as is the chord of 60? and the tangent of 45“, all the three 
being each equal to the radius: and that the fine, tangent, and ſecant 
of an arch is equal to the fine, tangent, and ſecant of an arch, as 

much above go degrees as the former was deficient of 90; thus the 

fine, tangent, or ſecant of 80 is = 100), of 70® is 110% of 60? is 

= 1202; of 49% is = 240?, &c, lo that in taking out the loga- 
rithms of fines, tangents, or ſecants, for any number of degrees 
above 90, the given angle muſt be ſubtracted from 180?, and the 
- logarithm of the remainder be taken; or ſubtract go from the given 
angle, and take the log. co-line, co-tangent, or co-ſecant of the 


— 


remainder, 


Notwithſtanding what has been ſaid in Geometry, it may not be improper 


Hiore to olſerue that, 


1 ff. The feweſt number of right lines that can include a ſpace are 


three; which is called a triangle, or three cornered figure, and con- 


ſiſts of {ix parts, viz. three ſides and three angles. 


2d. In every triangle the greateſt ſide is oppoſite the greateſt angle; 
conſequently, the greateſt angle is oppoſite the greateſt ſide. 


3d. In every triangle equal ſides ſubtend or ſtand againſt equal 
angles. „ + « „ . 
4th. In every plane triangle the three angles together are equal 
e in Geometry, 7. 
Sth. If in a triangle, one angle be right or obtuſe, the reſt are 


acute; and if one angle in a triangle be right, the other two taken 


together make one right angle, or 90e; wherefore if one of the 
acute angles, in a right-angled-triangle, be known, the other is found 
by ſubtracting the known angle from go% 8 


6th. In every plane triangle, if one of the angles be giren or 


known, the ſum of the other two is found by ſubtracting the given 
angle from 18 9e, and if two of the angles be known or given; the 


third is found by ſubtracting their ſum from 1809, 


7th. The complement of an angle is what it wants of 90e. 


1 


— 


Ro 23a ww, 


16 


TRIGONOMETRT. 


Sth. The ſupplement of an angle is what it wants of 1800. 
'gth. All angles are meaſured by the arch of a circle, deſcribed 

about their angular points with the chord of 609, and ſaid to be 
greater or Jeſs, according to the number of degrees or parts to be 
contained between their legs; which legs may be ſuppoſed to be 
yards, miles, leagues, &c. and are meaſured on a ſcale of equal parts. 
roth. A circle deſcribed with a chord of 60 the eircumferente 


Circle 1809. 


FI 


will contain four right angles, or 3609, the quadrant go", and ſemi” 


rith. The angles of two triangles may be reſpectively equal, al- 


though their ſides may be unequal. Therefore, among the things 
given, in order to find the reſt, ond of them muſt be a ſide. 
In Trigonometry, the three parts given, in 


either. 


1ſt, Two ſides and an angle oppoſite one of them. 
2d, Two angles and a fide oppoſite one of them. 
3d. Two ſides and the included angle, 


4th. - Three lides. 


In], either caſes, the other three things may be found by help of the 
table of logarithms, artificial ſines, tangents, and ſecants, by the 
following axioms; as well as by the foregoing conſtructions: 


” 


all triangles, muſt be 


It may not be improper here to obſerve, that the er, erties of a rights 
r 


- angled triangle depend on the 47th propoſition of the 


where it is demonſtrated, that 


book of Euclid, 


In every right-angled triangle, the ſquare of the' hypothenuſe or longeſt 
fide is equal to the ſum of the ſquares of the other two ſides or legs; Conſe- 
quently having the ſquares of the baſe and perpendicular, the ſquare root of 


their ſum will be the length of the hypothenuſe. 


" 


And, if the ſquare of the baſe be f ubtradted from the ſquare 
nuſe, the ſquare root of the remainder will be the length of the perpendicular. 


of the hypothe- 


And, if the ſquare of the perpendicular be ſubtracted from the ſquare of the 
hypothenuſe, the ſquare root ot the reigainder will be the length of the baſe; 
conſequently by having any two ſides of a right-angled triangle, the third ſide 


may be found, 


Thus the lines of the lengths 3 4s 1. (or their doubles, trebles, &c.) will 


form a right-angled triangle. 


Nov the ſquare of 5 is 25, the ſquare of 4 is 16, and the ſquare of 3 is 
then 16 and ꝗ is 25, its root is 5, the length of the hy pothenuſe; and if 16 
ſubtracted from 25 the remainder is 9, its root is 3, the le 


de 


th of the perpen- 


dicular; again, it g be ſubtracted from 25 the remainder is 16, its root is 4, 


done by the logarithms, or by the extractio 


n of the ſquare root. 


Sp 


the length of the baſe : the ſame of any other numbers, which may be readily 


34  TRIGONOMETRY, 


The Solution of the ſeveral Caſes in Plain Trigonometry depend upon four 
Propoſitions called Acioms, which the Learner ſhould get perfetily by 
Heart. We fhall here give the firſt Axiom only, and the reft before 


doe begin Oblique Sailing. | 


| AXI O T. 

In any right-angled plane triangle, „ 
If the hypothenuſe be made the radius of a circle, the other two 

ſides, or legs, will be the ſines of their oppoſite angles; but ET 
If either of the legs, including the right-angle, be made the radius 
of a circle, the other leg will be the tangent of its oppoſite angle, and 

the hypothenuſe the ſecant of the ſame angle: | 


For let the three following triangles have their ſides and an gles equal: 


CLE” 3 Taz *, 
* > 
CY 


. 
#? 5 
* 
- 
3 * * * 


CY Tangent 


Tangent C 


' . 
o » 
< * 
94 „„ 


. A [ 
, „49 D 


- pg 
a 
\ [ 


It is plain, by comparing theſe with the firſt figure in Trigono- 
metry, that taking the hypothenuſe AB as radius in your compallcs, 


and on A and B deſcribe circles, C B will be the ſine of the angle 


B A C and C A will be the line of the angle ABC, and B C 
will be the fine of half the arch B D, or the fine of half the angle 
Bl, being half the chord of twice the arch; but taking the baſe 


AC as a radius in your compaſſes, and with one foot in A deſcribe a 


clrcle, it is plain that CB will be the tangent, and AB the ſecant of 
the ſame angle; but if CB, the perpendicular, be taken as the radius, 


and a circle be deſcribed on B, then will AC be the tangent of its 


oppoſite angle ABC, and the hypothenuſe the ſecant of the ſame 
angle: for it ſhould be regiembered, that when any one of the legs 
becomes a tangent of its oppolite angle, the hypothenuſe always ac- 
companying it, becomes the ſecant of the ſame angle. | 
Now, tince, by making any of the ſides of a right-angled triangle 
the radius of a circle, we can readily find the names or denomina- 


tions of the other fide, it comes next to be confidered what parts or 


things are given, and what required, in order to ſtate the * 
| EL in 


— 


— W 9 LA 4 — 


* 
0 


TRIGONOMETRY, EE © 


In this caſe we ſhall compare Trigonometry with the Rule of Three 


in common Arithmetic ; where we. are taught to conſider what name 


or denomination the anſwer is to be of, which name muſt always be 


made the ſecond term in ſtating the queſtion ; if pounds are to be the 
fourth number, or anſwer, then pounds muſt be the ſecond term; if 
yards are to be the anſwer, then yards muſt be the ſecond term. As 


for example, if 60 yards coſt £ 120, what will go yards coſt? Then 

pounds being wanted, pounds. muſt be the ſecond term. | 
If 60 yards colt {120, what will go yards colt ? 
„„ | go Ls e 


6,0)1080(0 


— — ( 


180 Anſwer, 


It is the ſame in Trigonometry ; for if the fourth number, or an- 


- ſwer, is to be an angle, an angle implied muſt be the ſecond term, 


and ſides the firſt and third terms; but when a fide is required, it 
muſt be placed the ſecond term, an@angles the firſt and third terms, 


in ſtating the queſtion 3 conſequently, in all queſtions in Trigono- 


. Z : * . * . ? . 
metry, if a ſide is required, you mult begin with an angle or radius, 


_ which is always conſidered as a given angle, equal to 9.” ; but when 


an angle is required, then you muſt begin with a known fide. 
In the Rule of I hree we multiply the ſecond and third terms to- 


gether, and divide that product by the firſt term, and the quotient will 
be the fourth number ſought, and of the ſame denomination the ſe- 


cond term is of. Now; fince the addition of logarithms anſwers the 


purpoſe of multiplication of whole numbers, and ſubtraction that of 


diviſion, add'the logarithms of the ſecond and third terms together, 


and from their ſum ſubtract the logarithm of the firſt term, the re- 
mainder will be the logarithm of tne fourth term. 


* 
if 


As log. — . 1.77818 


Is to log. of 120 —— 2,07918 
So is log. — 90 — 1.95424 


„ | Add 4.03342 

Firſt term ſub, 60' is 1.77815 

To anſwer 186 & 2.25527 
Here it is plain the logarithms give the ſame anſwer as that given 
by the Rule of Theres, „ 
In a right-angled triangle there are always two ſides, or the angles 
and one tide given, to find the reſt, _ 1 55 
To find a tide, any ſide maybe be made radius; then ſay, as the 
name of the given ſide is to the given ſide, ſo is the name of the ſide 
e , Wa * required 
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eien to the fide required, which muſt be found among the loga- 


rithms. 
To find an angle, one of the given 8405 muſt be made radius; 


Wen ſay, as the ſide made radius, is to radius, ſo is the other given 
ſide, to the ſine, tangent, or ſecant, oy it repreſented ; which be- 
o looked for in the table of lines, tangents, and ſecants, there 
be found the degrees and minutes correſponding | to the angle 


required 


= lution of the Six Cafes in 22 angled Tri . 
CASE I. 


The Angle _ Hypethenuſe given, to Aud the "IR. EL 
Given the hypothenuſe AC 250 leag. and the angle oppoſite to . 
the baſe CB= =54" 305 to find the baſe CB and has ABZ. 


By CONSTRUCTION. 


Draw the baſe CB of any length, on 
2 deſeribe the arch DE, from E to D 


lay off 35 30, through C and D draw £ | | 
a line, which muſt be equal to 250; 5 
from A let fall the perpendicular A B, 8 
to cut CB in B, and it is done; for CB : 
will be 203.5, and Ry 145.2. ' 
SP 
] 
* CALCULATION: | l 
By making the Hypothenuſe CA Radius, it will be, : 
To find the Baſe 1 | To find the Perpendicular AB. o 5 
—_— 1 . 10.00000ſAs radius ' 10.0000 - 5 
s to the hypot 250 2.39794 Is to the hypoth. CA 250" 2. 4 
So is the ſine ang. A c4* 30 9. 91069 S0 1 is ſine ang. C 355 30 e 
, at 5 * 30863 i 12.176189 
| „ et > .__  IO.000c0 
To the baſe BC 203,5 2.30863 To the per. AB 145,2 6 89 | l 
By making the Baſe Radius, the F roportion by Axiom the ff, will be, 
To find the Baſe BC. To find the Perpendicular AB. 
As ſec. ang. C 359 30 EY ſee. ang. C35 3 10.0893 ie 
Is to hypo. AC 250 2. 39794fls to hypoth. HOISTS; 2.39794 di 
* badius | 10.00CC0j50 is ng; ang. C 35* 30 9.85327 "Tb 
* 5 | th 
12. 39594 | 408/90 03428. di 
5 | 23 180.08931 | 
To the baſe BC = 20 2 aer. the per.“ A B 14555 = 2.16190 


By 


ww iy ee 
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By making the Perpendicular Radius, by Axiom the firſt it will be, 


To find the Baſe BCE. | To find the Perpendicular AB. 
As ſec. ang. A 54% 30 10. 2360 5, As ſec. ang. 54 3o' ' 10.2360F 
Is to hypoth. AC 250 2. 397940Is to hypoth. AC 250 2.39794 
So is tang. an. A 549 30 10. 1403780 is radius lo. ooo 
12. 54467 <-> 
Si 10.236050 10. 23605 


| To the baſe BC = 203, 2.30862 ro the per. = AB 145.2 2.16189 


Nor E. In the firſt ſtating, where the hypothenuſe is made radius, 
the ſum of the logarithms of the ſecond and third terms are 12. 308633 
from which it is eaſy to ſubtract the logarithm of the firſt term; for 


you may either cancel it, or leave it out; and then caſt off the firſt 
figure towards the left hand, and it will leave the logarithm 2.30863, 


the ſame as if 10.00000 had been ſet down and ſubtracted from it: 

and indeed, the five cyphers may be always omitted in the radius, and 

_ the index 10. ſet down. | | 
. 


OS | 
complement, or the other angle, whether ſine, tangent, or ſecant, 


is found in the adjoining column, without being at the trouble of ſub- 
tracting the given angle from 90%. If the given angle be leſs than 


45 degrees, it is found at the top of the table, and the minutes in the 


lett-hand column reckoned downwards, and its complement is found 


at the bottom, and the minutes on the right-hand column, On 

the-contrary, if the given angle is found at the bottom, its comple- 

ment, or the other angle, will be at the top of the table, and the mi- 
nutes in the left- hand column, againſt which is the log. ſine, tangent, f 
or ſeeant correipaading te ie. F 


By GUNTER's SCALE. 


In all proportions wrought by Gunter's Scale, when the firſt and 


ſecond terms are of the ſame kind, then the extent from the firſt term 


w the ſecond, will reach from the third to the fourth; 
Or when the firſt and third terms are of the fame kind, 


The extent from the firſt term to the third will reach from the : 
ſecond to the fourth; that is, ſet one point of the compaſles on the 


diviſion expreſſing the ſecond term, then, without altering the open- 


ing of the. compailes, ſet one point on the diviſion repreſenting the 
third term, or ſecond term, and the other, point will fall on the 


diviſion ſhewing the fourth term or anſwer. "- . 
Now in this laſt caſt caſe, it will run thus; 


will greatly expedite the working the proportions by logarithms, 
if the two or all the ſtatings be firſt made, and then the fines, tan- 

gents, or ſecants, may be taken out at one opening of the book; for 
if one angle of a right- angled triangle be given, the logarithm of its 


Extend 


make equal to 325 miles; on 


Where that cuts the arch draw 


done; for B A being meaſured | 
on the lame ſcale that B C was, 


Jo the perpen. AB 213,1 2 e the oY poth, AC mY 6 2.58955 
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Extend from radius, er 90%, to 54 30 on the; line of ſines, that 
extent will reach from 250, the hypothenuſe, to 203, 5, the baſe, on 
the line of numbers; and the extent from radius, or fine of 9o® to 


35? 30 on the line of ines, wall reach from 250 to 14 5 on the line 


of numbers, 
Obſerve the like in all that 1 except in thoſe e ee 


where the word ſecant is mentioned, which may be readily wrought 
by conſidering the hypothenuſe radius, as in the laſt caſe 3 there being 


no line of ſecants on Gunter's Scale. 


NoTs. The radius, e to the nature of the proportion, 
may be any of theſe: 


8 Points on the line of Rhumbs. 3 On the Line of Sines. 


4 Poinisonthe line of Tan, Rhbs, 45 On the line of Tangents. 


CASES II. and III. 


The — and one Leg given, to find the Hypothemye and other Leg. | 


The Angle ACB 33 15, the Leg BC 325 Miles given, to find 
the Hypothenuſe and the other Leg. 


By CONSTRUGTION. 
Draw the line B C, which 


B erect the perpendicular B A; 
on C deſcribe an arch with the 
chord of 60% and make the 1 
agg C = 33 15, through &.; 


ACtocut AB in A, and it is 


will be 21351 and AC 1556 


miles. 


By making the Hypothenuſe AC Radius, it will be, 
To hog the Perpendicular AB. To find the Hypothenuſe A G 


As fine ; ang. A 56% 45 9.9223 As fine ang. A. 56945 9.92235 
Is to the baſe BC 325 2.51188 fls to the baſe BC 325 2.51188 
So is ſine ang. C 33 15“ 9. 7390180 is radius go2 10.00000 

13-250. - 12.651188 
1 9.92235 


A W. 0 ww eE A 


„ 


W nei e 


* 15 and B C 4 


i 1 
3 . 


By making the Baſe B O Radius, it will be, 


To ſind the Perpendicular AB. To find the Hypothenuſe AC. 
As radius go? 10.00000\As radius oo 10.00008 
Is to the baſe BC 325 2. 51188 Is to the baſe BC 327 2.51188 
So is tang. — C 33” 157 9.81666 So is ſec, BY C339 5 10.007765 
r 12. 58953 
10.00000 | | '  10.00000 


Gt e 


To the perpen. AB 213,1 2, 32854] To the 51 AC 388, 6 2.58953 


: By making g the perpendicular AB Radius, it will be, 


Jo find the Perpendicular AB. | To find the Hypothenuſe AG 
As tang. ang. Ag56*45' 10.183340 As tang, ang. A 56? 45' 10.18334 
Is to the baſe BC 325  2-51189]1s to the bath BC 274. 2.51188 
So is xadius go? 10.00000[S0 is ſec, ang. A 56? 45" 10. 26099 

12.51 188 1 
8 10.183340 | 10.18334 


- By GUN TER 
5 Extend from 56 degrees 45 minutes to 33 degrees 15 mĩnutes on 


2dly. Extend from 50 degrees 45 minutes to radius on the line 
of lines, that extent will reach from the baſe 325 to the hypothenuſe 
388,6 on the line of numbers.“ 


C A SE IV. and V;. 


The ren 7 ol one Leg given, to fd the Angles and the other Tags | 


The leg AB 91, the Hypothenuſe 170 given, to find the angle 


| HORN or BAC, and the leg BC. 


By CONSTRUCTION. 


Dran B [> at pleaſure, on B 
crock the perpendicular B A, 
which make equal to 91, take | 
170 in your compaſles, and with 
one foot on A, lay the other on 
the line BC, and j join A and C, 
and it is done: for the angle C 
will be 32 22, the angle A 


* 


FF f ir ä 


To the perpen, AB 273,1 2.328 54 To the hypoth. AC 388,6 2.58953 


| the/line of fines, that extent will reach from the baſe 325 to the per- 
pendicular 213,1 on the line of numbers.“ 


ER. E- T@IGONOMETRY. 


By 3 the Hypothenuſe Radius, it will be, 


* ty GUNTER. 


Io find angle Cc | To find the baſe CB. | 
As the hy pothenuſe 170 2.2304 5 As radius 1000000 
Is to the radius '* 10.00000{ls to the hypoth. 170 | 2.23045 
So is the perpendicular 91 1-95904{5S0 is fine ang. A To 2 Wn: 9.92667 
| „ | 11. 99904 5 12.157122 
5 223045 — 10.0@000 
To fine angle 2 3222 - 9.72859 To the baſe 143,6- 2.15712. 
| By making the Perpendicular Radius, it will be, 
To find the angle A. To find the baſe B C. 
As the perpendicular 91 1.95904{As the radius 10.00000 
Is to the radius 10 ©8000 Fs to the perpend. gr. 1.95904 
So i is the hypoth. 170 2.23045 So 1 is tang. ang. 57* 38 1 10. 19805 
| 1223045} . | 12.15709 
„ 1.95004 10.00000 
To fec. ang. A 57⁰ 387% 10.2714 To the baſe 143,6 5 l 2.15709 


% 


Extend from hypothenuſe 170 to the perpendicular 91 on the 


line of numbers; that extent will 


2dly. Extend from radius to 


reach from radius to ſine angle C 


the complement A = 32 degrees 22 minutes on the line of fines.” 


ſine angle A 57 degrees 38 mi- 


nutes; that extent will reach from the et 170 to the baſe 


143.6 on the line of numbers,” 


c A 8 
The Legs given, to find th 


E VI. 
e Angle and 8 


The legs AB 890, B C 787 given, t to ing the angle B A C, of 


ACP, and the Ee AC. 


By CONST 


RUCTION. 


Make BC=787 and on Þ erect the perpen- A. 


dicular BA, which make equal to 890; join 
A C, and it is done; for the angle 8 will be 
Lox 31 'S conſequently, the "oY A 4 29 and | 
.  bypgthenuſe 1188. 8 
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By making the baſe Radius, it will be, 


6 find Angle C. To find the Hyporh: AC. 
As the baſe 78 7 _ 2.89597]As radius 10.00000 
Is to radius 10.00000/[s to the baſe 78 - 2.89597 
So is the perpend. 890 2.94939 S0 is ſec. ang. C 4831“ 10.178868 
12.949390 5 13.0489 
2. 89597 N o. o 
To tan, ang C 4831 10.05 342l To che byp AC 1188 3.07485 


By making the Perpendicular Radius, it will be, 


Io find AngleA, | To find the Hypoth, AC. 

As the perpend. 890 2.94939 As radius | 10.00008 
Is to radius 10.00000[Is to the perpend. 890 2.94939 
So is the baſe BC = 787 2.89 $97] So is ſec, ang. A 410 ZE 10.12 543 

12.895977 i | F 3. 07482 
2.94939 | 10. ooo 


| To tan. ang. A 4129 9.94658 To the hyp. AC = 1198 3.07482 


By GUN T E R. 


0 The extent from 787 to 890 on the line of numbers wilt reach 
from radius (or 45 degrees) to 41 29 on the line of tangents. 


2dly. The extent from fine angle C 48 degrees 31 minutes to 
radius, or go degrees, will reach from the baſe _ to the a 


nuſe 1188, on the line of numbers. 


Dueſtions to exerciſe the Learner i in 77 ee 
Duet, 1. The hypothenuſe 496 miles, and the angle oppoſite to 


the baſe 569 15'given, to find the baſe and perpendicular. 


Ans. Baſe 412, 4, and the perpendicular 275,6 miles. | 

Duet. 2. The perpendicular 275 leagues, and the angle oppoſite 
to the baſe 56® 15 given, to find the hypothenuſe and baſe, | 

Ans. The hypothenuſe 495, and baſe 411,6 leagues. _ 

Queſi. 35 The baſe 33 yards, and the angle oppoſite to the perpen · 


dicular 53% 26 given, to find the hypothenuſe and perpendicular. 


Ans. Hypothenuſe 55,39, and the perpendicular 44, 40 yards. 
Queſt. 4. The hypothenuſe 5755 and pc 50 miles given, 


to find oe baſe. 
Ant. Baſe 572,8 miles. 


Duet. 5. The hypothenuſe 59, nd the baſe 330 miles given, to a0 | 
%s os endicular. | 
26. Perpendicular 48,9 miles. | 
Queſt. 6. The baſe 33 and N 52 jeague given, t to oy 
the hypothenuſe. he 


488. enn 61,59 8 
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ART OF NAVIGATION. 


EFORE we begin Navigation, it may not be improper to give 

the Learner ſome idea of the Syſtem of the Univerſe, com- 
monly called the Solar, or Copernican Sy*em, which is as follows: 
The Sun, that immenſe and amazing globe of fire, the fountain of 
the heat and light of the whole ſyſtem, is placed near the common 
center of the orbits of ſeven opaque ſpherical bodies, which make 


their revolutions round it in leſs or more time, according to their ſe- 


veral diſtances from it. bs 1. | | 
Mercury is neareſt to the Sun, and receives its light and heat from 
It, and revolves round it in an ellipſis in two months and twenty- 


eight days. f 


Venus is ſomewhat higher in the ſyſtem, and deſcribes its ellipſes 


round the Sun in ſeven months and. fifteen days, and becomes our 
evening and morning ſtar by turns. DEN . 


The Earth is next to Venus, and deſcribes an ellipſis round the 


Sun in 3657 days, or one year, which being at a greater diſtance 


from the Sun than the former planets, and therefore receiving leſs of 
its 1 and heat, to make up the deficiency, the wiſe Author of Na- 


ture has cauſed a ſecondary planet, called the Moon, to move round 


it in 27 days, 12 hours, and 44 minutes; it receives its light and 
heat from the Sun, and reflects it upon the Earth, which in ſome 
meaſure compenſates for the abſence of the Sun, during the winter 


ſeaſons, in the North and South, _ 5 | 
_ Mars is till higher in the ſyſtem, and takes a larger circuit, re- 
volving round the Sun in 1 year, 10 months, and 22 days. 


Jupiter is the largeſt of all the planets, and deſcripes a large ellipſis 


round the Sun in 11 years, 10 months, 27 days; there are four Satel- 

lites or Moons moving round it; they receive their light from the 

| + un 955 _ 1t upon their primary planet, as the Moon does upon 
AA 5 | 1 


Saturn revolves round the Sun in 291 years, has 5 Moons which 


moye round him, and is alſo ſurrounded with a prodigious ring or at- 
moſphere, | . ee TW. 
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The Georgium Sidus is the moſt remote of all the planets, and is 


attended by two ſatellites :—the firſt or neareſt of which performs a 
ſynodical revolution in about eight days and three quarters. 

The ſecond (which is about half as far again diſtant ſrom its pri- 
mary planet) is about thirteen days and a half in performing its ſyno- 
dical revolution. - | 


The fixed ſtars are ſuppoſed t o be of the ſame matter with the PF 
Sun, and made for the ſame ends; each of them the center of its 


own proper ſyſtem, having planets moving round it as our Sun 


Comets are a ſort of planets moving round the Sun, in ellipſes 
ſo very. oblong, that their viſible parts ſeem to be in a manner 


parabolical, but have ſuch vaſt atmoſpheres about them, and 


tails derived from the ſame, eſpecially when they come near the 
Sun, as imply them deſigned for very different purpoſes from the 
other planets. __ 1 5 w f 

Having given a curſory view of the Syſtem of the Univerſe, we 
ſhall now conſider the Earth a little more particularly ; a perfect 


knowledge of the figure and motion of which, with various real and 
imaginary lines upon it, is abſolutely neceſſary in the Art of Navi- 


gation. | | 1 „ — 
The land- and water of this Earth, or Planet, upon which we live, 


make a compoſition of a ſpherical form, or rather an oblate figure, 


called the Terraqueous Globe, which by turning round its axis every 


24 hours, from Weſt to Eaſt, cauſe all the heavenly bodies to re- 
volve apparently from Eaſt to Weſt in the ſame time, making the 


viciſſitudes of the day and night; and this Earth, together with its 


Moon, by moving round the Sun in 1 year, or in 365 days 6 hours 
nearly, produce the ſeaſons of the year, viz, Winter, Summer, 


Autumn, and Spring. £ | 
The Earth is endued with a wonderful principle of gravitation, 
whereby all its parts are ſtrictly united together; and alll bodies that 
are looſe upon -it cloſely adhere to its ſurface, tending directly to 
its centre. Hence it is, that ſhips are able to fail with the ſame 
facility every where (void of impediments} upon the ſurface of the 
ſea, quite round the Terraqueous. Globe, and that (as to ſenſe) 


there is no ſuch thing as an upper or lower part of the Earth; for 


let the inhabitant be in what part ſoever, he will there gravitate to- 


wards the Earth's centre, and imagine himſelf to be on the higheſt. 


as of its ſurface; from whence he will obſerve the Heavens 
] 


ke a Jarge vault over his head, and his Antipodes he will ima-- 
gine to be directly under him, as they will alſo their's for the like 


reaſon. 


According to this law of Gravity, if the Earth were at reſt 
(and not acted upon by any other power) and its parts looſe, or- 
its ſurface all over covered with a deep. fluid ; it would W 


form itſelf into a true Sphere or Globe. But admitting the Ear 
15 F 2: 5 ceyolyes 
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revolves about its own axis, with a rapid motior (from Weſt to 
Eaſt) in 24 hours, the gravity towards its centre will thereby be 
diſturbed, and all the parts endeavour to fly off from the axis of the 
motion; and this inclination is greateſt to that part of the ſurface, 


which is at the greateſt diſtance from the axis; and conſequently, 


the gravity towards the centre is there the leaſt : whence it will fol- 
low, that thoſe parts which gravitate the leaſt, muſt yield or give 
way to thoſe that have a greater gravitation, to reſtore an equili- 


brium ; and conſequently here will be formed a Spheroid, whoſe 
reateſt diameter will be perpendicular to the axis of motion, (com- 
monly called the Earth's axis) and the ſhorteſt diameter will be the 
axis itſelf. : | L„„„ ? | 
It is demonſtrated by the writers of mechanics, that the times 


of the periodical vibrations of all pendulums of equal lengths, are 
ina certain proportion to the gravity by which they are acted upon; 


and it has alſo been demonſtrated, that gravity acts in a certain pro- 
portion to the diſtance from its centre, Hence, by the help of 


pendulums, we may find the*proportion of gravity upon any part of 
the earth; and conſequently, the proportional diſtance. of that part 
to the diſtance of any other part from the Earth's centre. Nov, it 


has been found by experience, that the degree of gravitation upon 
the Earth's ſurface under the equinoctial, is to the ſame in any paral- 


liel of Latitude, in the ſame proportion (as near as obſervation could 


be made) that it would be, if the whole body of the Earth was com- 


poſed of a fluid ſubſtance, and ſo formed itſelf into ſuch a figure as 
_ abovementioned, Hence we may infer, that the Earth is a Sphe- 
roid; and its greateſt diameter (which is under the Equionoctial) 
is computed to be to the leſſer diameter, (which is under the. 


Poles, or the Earth's axis) as 289 to 288; and conſequently, the 
ſpace upon the Earth's ſurface, anſwering to a degree of a great 
circle where it is greateſt, (or under the Equinoctial) is to the 
ſpace anſwering to a degree near the Poles, (where it is leaſt) 
as 289 to 288; or as a 1000 to 996.5 nearly: but this difference 


is. ſo ſmall, than in all aſtronomical and geographical caſes, the 
figure of the Earth may be eſteemed truly ſpherical, though the . 
ſmall difference from it does ſenſibly affect the motions of pen- 


dulums, 3 : 

That the Earth is round or nearly ſo, will appear, not only 
from the circular ſhadow it has upon the Moon, when that body 
happens to be eclipſed by it, but alſo from the very appearance of 
the Sea, and the many obſervations made by perſons ſtanding upon 
the ſhore, and viewing a ſhip departing from the-, port: they firſt loſe 


_ fight of the body of the veſſel, whilſt they can till ſee the rigging 
and uppermoſt fails ; but as the ſhip recedes farther, they loſe ſight 
of theſe alſo, as if the whole were ſunk in the deep. Again, in 


a ſhip making towar ds the land, the mariners firſt deſcry the tops of 
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ſteeples, trees, &c. pointing above the water; next, they ſee the 
buildings themſelves; and laſtly the ſhore, which can only be the 
effects of the Earth's rotundity. I GE a.” 
Its being a globe, is alſo confirmed by the many voyages which 
have been made round it, from Eaſt to Welt ; firſt by yo, pci ; 
| ſhip in the years 1519, 1520, I521, in 1124 days; by Sir Francis 
Drake, in the years 1577, 1578, 1579, 1580, in 1056 days; bßỹßß 
the late Lord Anſon, in 4 years; and lately by the Captains Byron. 
Carteret, Cook, and Clark, accompanied with ſeveral able mathe- 
maticians and naturaliſts, whoſe obſervations and diſcoveries do . 
honour to this nation, as well as greatly contribute to the im- 
provement of Geography and Navigation: they have diſcovered 
many iſlands in the South Seas, which were formerly unknown to 
Europeans. | „„ | 
The little unevenneſſes of the Earth's ſurface, ariſing from the 
hills and vales, is no'material objection to its being conſidered as 
round; ſince the higheſt hill or mountain bears not ſo great a pro- 
portion to the bulk of the Earth itſelf, as the little riſings upon the 
coat of an orange, bear to the bigneſs of that fruit, | 
In order to deſcribe the poſition of places, geographers have found 
it neceſſary to imagine certain circles drawn upon the ſurface of the 
Earth; to which they have given the names of Equator, Meridian, 
Horizon, Parallels of Latitude, &c. W on 
I. The Axis is a ſtrait line, imagined to paſs through the centre 
of the Earth; the extreme points are the poles, on which the Earth 
is ſuppoſed to move, one called the Artic or North Pole, and the © 
other the Antartic, or South Pole. op + 
II. The Equator is a great circle under the Equinoctial Line in 
the Heavens, compaſſing the Earth in the middle, between the two 
Poles, and divides it into two equal parts, called the Northern and 
Southern Hemiſpheres: from it the latitude of places is reckoned 
either North or South; and on it are counted the degrees of longi- 
tude from Eaſt to Weſt. This circle is called the Equator, becauſe 
when the Sun comes to it, which is twice a year, viz. about the 21ſt 
of March, at his entrance into Aries, and again into Libra about the 
23d of September, then, making equal day and night throughout the 
world. 5 . 5 ä | | Wy 
III. The Meridians are circles which paſs through the poles 8 
of the Earth, the Zenith, and Nadir, crofling the Equator at right. 
angles, and dividing the Earth into two equal parts, one Eaſt and 
the other Weſt; and is ſo called, becauſe when the Sun comes to 
the meridian of any place, it is then noon or mid-day. They are j 
infinite in number, for all places from Eaſt to Weſt have then 
ſeveral meridians ; of theſe one is called the firſt or chief Merida 4 
from which the longitude of places js reckoned ; it is of ſpeetal;. # 
note and uſe, but variouſly placed by geographers ; ſome placing it 
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at London, others at Paris, Teneriffe, &c. and is divided into twice 


| degrees, numbered from the Equator towards each Pole, ending 
in 90 degrees, and ſince the Earth turns once round its axis in 24 


hours, every point upon its ſurface defcribing a circle of 362 de- 
rees in that time ; therefore, any place lying 15 degrees to the 
aſt of us, has the Sun upon its meridian one hour ſooner; or it 


is twelve o'clock with the eaſternmoſt, when it is eleven with us; 
and any place 15 degrees to the weſtward of us, has the ſun one hour 


after us. | Ss | 
IV. Latitude is the neareſt diſtance of any place from the Equa- 
tor; it is meaſured on an arch of the Meridian, intercepted between 


the place and the Equator, and therefore can never exceed 90 de- 


grees. It takes its name according as the place is fituated, either 


North or South of the Equator; therefore, all places that lie at 


the fame diſtance from, and on the ſame ſide of the Equator, are 


ſaid to be under the ſame parallel of Latitude. Whence it follows, 


that if a ſhip fails from a North Latitude directly North, or in a 
South Latitude directly South, ſhe encreaſes her J.atitude equal to 


the diſtance failed; and if. a ſhip fails in North Latitude ſoutherly, 


or in South Latitude northerly, ſhe decreaſes her Latitude, becauſe 


ſhe ſails nearer the Equator, from whence the Latitude is counted 


upon the Meridian : but if a ſhip fails from a South Latitude into a 
northerly one, or from a North Latitude into a ſoutherly one, from 


the difference of Latitude ſubtract the Latitude left, and the remain- 
der will be the Latitude come to, and of a different name with the 


Latitude left. | | | 5 
Parallels of Latitude are circles parallel to the Equator. 
The difference of Latitude is an arch of che meridian contained 
between the two Parallels of Latitude; or it is the leaſt diſtance of 
the Parallels of Latitude of two places: ſhewing how far one of them 
is to the north ward or ſouthward of the other, and can never exceed 
180 degrees. | „ | | | 
V. "The Longitude of any place on the earth is expreſſed by an 
arch of the equator, ſhewing the eaſt or weſt diſtance of the meri- 
dian of that place, from ſome fixed meridian, where Longitude is 
reckoned to begin. „ ä 


Difference of Longitude is an arch of the Equator, intercepted 


between the meridians of two places, ſhewing how far one of them 
is to the eaſtward or weſtward of the other. 


* 2 - 
* 1 — < 5 : > eng 9 * 


Note. Here the Teacher will perhaps find it convenient to have a globe, or 
Map of the World before him, whereon he can point out the ſeveral Poſitions, 


Latitudes, Longitudes, &c. to the Pupil, as that will ſtrengthen his memory, 
and give him a better idea than he. can poſſibly have by only reading them over, 


The fame may be obſerved in reading the uſe of Gunter's Scale and the Quadrant. 
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As longitude begins at the meridian of ſome place, and is count- 
ed from thence both eaſtward and weſtward, till it meets at the ſame 
meridian on the oppoſite” point, therefore the difference of longitude 
can never exceed 180 degrees. | 8 1 
VI. The Horizon is that apparent circle which limits or bounds 


the view of a ſpectator on the ſea, or an extended plain; the eye of 
the ſpectator being always ſuppoſed the centre of his horizon, 
Every part of this circle is go degrees from the centre of it over 


our heads, which point is called the Zenith ; and the point of the 
Heavens oppoſite to it, or under our feet, is called the Nadir, 


When the ſun or ſtars come above the eaſternmoſt part of the 


Horizon, they are ſaid to riſe ; and when they deſcend the weſtern 
part they are ſaid to ſet, _ | 
When a ſhip is under the Equator, both the poles appear in the 
Horizon; and, in proportion as ſhe fails towards either, or increaſes 
her latitude, that pole is ſeen proportionably above the Horizon, 


and the other diſappears as much : but when a ſhip is failing towards. 


the Equator, or decreaſes her latitude, ſhe deprefles the elevated 
pole; that is, its diſtance from the Horizon decreaſes : conſequently, 


the latitude of a place is always equal to the elevation of the pole 


above the Horizon. 


This circle is repreſented by the Mariner's Compaſs, divided into 


32 points or rhumbs, each 11* 15. 


The Tropics are two circles parallel to the Equator, and Ha | 
from it 23 degrees 29 minutes; that on the north fide of it is called 


the Tropic of Cancer, at which the dun has its greateſt north 


declination ; then making to us, and all places in north latitude, 
the longeſt day and ſhorteſt night, which is about the 21ſt of 
June. The other on the ſouth tide is called the Tropic of Capri- 


corn, at which the Sun has its greateſt ſouth declination, making 
then our ſhorteſt day and longeſt night, which is about the 22d of 
December. | „ . | : 
The Polar Circles are alſq parallel to the Equator, compaſſing 
the poles of the world at 23 degrees 29 minutes diſtance ; that about 
the North Pole is called the Artic Circle, and the other is called the 
Antartic Circle. 1 „ „ 
Theſe Tropics and Polar Circles divide the globe of the earth 
into 5 parts, called Zones, of which 3 were accounted by the An- 
cients to be ſo intemperate as to be uninhabitable : the Zones are 


called Torrid, Frigid, and Temperate ; that is, 1 Torrid or Burn- 


ing Zone, 2 Temperate, and 2 Frigid or Frozen Zones. 
The Torrid Zone is all that ſpace of the earth and ſea which lies 
between the Tropics of Cancer and Capricorn, and is 47 degrees 


broad: its inhabitants ſee the ſhadow of the ſun turn ſometimes to- 


wards one pole, and ſometimes towards the other, 


The 
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running round them; according to the different motions of the 


1 and parallels under which they live, and are denominated 


when it is noon day with the other; the longeſt day with the one 


is equal to the other's nightz and the ſeaſons are Wall being 


* I 
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wherein are ſeveral empires, kingdoms, and countries conjoined, as 
Europe, Aſia, and Africa, is one Continent, and America another. 


round by the ſea, as Great Britain and Ireland. 


one narrow neck of land which joins the ſame to the Continent. 


% 
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The two Temperate Zones are thoſe ſpaces of the 1 and ſea 
contained between each Tropic and the Polar Circles; the inha- 
bitants of the North Temperate Zone have their ſhadows at noon | 
fall north, and thoſe of the South Temperate Zone have their tha- f 
dows at noon full ſouth. | | 7 

The two Frigid Zones are contained bete each Polar 3 I 
and its pole; thoſe who inhabit them have their ſhadow always 


fun. 
| Climates are thoſe tracks of the earth bounded by imaginary lines k: 


running parallel to the Equator, and of ſuch a breadth from ſouth 
to north, that the length of the artificial day in one ſurpaſſes that in be 


the her by half an hour. 


The inhabitants of the earth are diſtinguiſhed by the ſeveral meri- B. 


either Periæci, or Antipodes. bes 

The Perizci are thoſe people of the earth who ow under the fame 1 

parallels, but oppoſite meridians. th 
The Antiæci are thoſe people of the earth who live under the 


fame meridians, but oppoſite parallels. 

The Antipodes are ſituated directly oppoſite to each other, the 
feet of the one directly againſt the feet of the other, lying under 
oppoſite parallels and oppoſite meridians. It is midnight with one 


is the ſhorteſt with the other ; the length of the day with the one 


ſummer with one, when it is winter with the other. 
The Real Parts are earth and water, generally divided into four 
parts or quarters, called Europe, Aſia, Africa, and America ; each 
of theſe, and conſequently the whole globe, is divided into conti- 
nents, iſlands, ſeas, &c. 

A Continent is a great quantity of land not divided by the ſea 


An Iſland is a part of the earth that is environed or encompaſſed 
A Peninſula is a part of land almoſt ſurrounded with water, ſave 


An Iſthmus is a narrow neck of land joining the Peninſula to the 
Continent, by which the people may paſs from one to the other. 
A Promontory is a high part of land, ſtretching itſelf into the ſea, 
the extremity of which is called a Cape or Headland. 

A Mountain is a riſing part of dry land over=topping the adjacent 
country, and appearing. firſt at a diſtance. 
| The Earth being encompaſſed with water, whoſe waſhings, in ſur- 
n the oe, lang, cut and 8 8 W bays, ane 
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and meandring inlets and extending itſelf roma them all, is but 
one continued ocean. 

An Ocean is a vaſt collection of ſalt water, cat Continents 
from one another, and waſhing their borders or ſhores. 
A Sea is part of the Ocean, to which we muſt ſail through forme 


Strait, as the Mediterranean and Baltic Seas. 


A Strait is a narrow part of the Ocean lying between two ſhores, 


and-opening a way into ſome ſea. as the Straits of Gibraltar, that 


lead into the Mediterranean Sea, and the Sound which leads into 
the Baltic Sea, 

A Creek is a ſmall narrow part . the ſea or river, that goes up 
but a little way into the land. 


A Bay is a great inlet of the land, as the Bay of Biſcay, and the 


Bay of Mexico; other wiſe a Bay is a Ration or road for ſhips to 


anchor in. : 


A River is a eonfiderible fiream of water iſſuing out of one or 
various ſprings, and continually gliding along in one or more chan- 
nels, till it diſcharges itſelf into the Ocean : The leſſer ſtreams are 
called rivulets. 

A Lake is that which continually retains and keeps water in it, 
as the lake Zair, in Africa, and Nicaragua, I in America. 

A Gulf is a part of the Ocean or Sea, contaired between two 
ſhores, and is every where environed by land, except its enen 
where it communicates with other bays, ſeas, or oceans. 

There are five Oceans, namely, the Northern, the Atlantic, the 
Pacific, the Indian, and the Southern. 

The Atlantic Ocean is uſually divided into two parts, one called 
the North Atlantic Ocean, and the other South Atlantic or Ethiopic 
Ocean. 7 > 


The Northern Occan ſtretches to the northern of Europe, Alu, 


and America, towards the north pole, l 


The Atlantic Ocean lies between the Continents of Europe and 
Africa on the eaſt, and America on the welt, 


That part of the North Atlantic Ocean lying between Europe | 


and America, is frequently called the Weſtern Ocean. 

The Pacific Ocean, or, as it is ſomętimes called, the South Sen 
is bounded by the weſtern and north-weſt ſhores of America, and by 
the eaſtern and north-eaſt ſhores of Alia. 

The indiart Ocean wathes the ſhores of the Faſtern Coaſts of 
Africa, and the ſouth of Aſia, and is bounded on the eaſt by the 
indian Iſlands and the Southern Continent. 

The Southern Ocean extends to the South ward. of Africa and 
America towards the South Pole. | 


CAM 


. NAVIGATION 


— 


* 
is 
F * 
* 
2 T 6 
4 % 
+ 4 
2 
7% 
5 
$% 
4 
= 7 
$ 4 
- 4 
* 3 
1 
N 
"Fi * os 
4 
>. 
- 
14 14 . 
YT; p 
8 
43.4% 
Wen « 
' : 
* 
4 
15 4 
* * - 
11 
4+ 
* 
c 
% 
"th 
U. — 
I 165 
$5421 « . 
* ; 
BT, 
= 
. 
7 — 
1 
ir 
$4) 56 
. " 
9-1 
C4 4 
$4377} 
FI 
04 
3. * 
vs; 
4 : 
2 3 
TIES 
FVI. 
n * 
% 4] 
4 7 
P46 4} 1 
+ 
1 
9 
ef. 
* 
25 
FLY 
2 
* 

. 
$5.5 " 
. 

1 = 
: Fe * 
9 5 
* - 
* 
21 i 
R # 4 
M1 2. > 
"2; Ch n 
=. 
ol $- Ly 3 
by x 
7 1 
I 
34 
11 
; 1] 1 


— 
1 
4 
- 
- . 
7 

\ by 
* 
' 
* 


r 
® 2 
N * 


— — = 
— * OR 


— — 
Wy OT 


— 


* — 5 : _ 2 
T. ˙ -m ce PRI CO 


* 


A * 


2 RE 


1 
2 * 
"=o E 


— — Vi, Ai . 1 
2 8 - 


— men mee ͤ ͤ—-—-— ED 
2 TER GO TT 


* o ” 
6. : 
4 


0 


- 


; 1 


ET | whence the latitudo r reckoned. 
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NAVIGATION 


T HE great end and buſineſs of Navigation is to inſtruct the 
Mariner how to conduct a ſhip through the wide and pathleſs 
ocean, to the remoteſt parts of the. world, the ſafeſt and ſhorteſt way, 
in paſſages navigable. | on 
For the due and regular performance of which are requifite— 

A perfe& knowledge of the figure and motion of the earth, the va- 
Tious real and imaginary lines upon it, ſo as to be able to aſcertain the 
real diſtance and ſituation of places with reſpect to one another, with 


the uſe of the ſeveral inſtruments made uſe of in meaſuring the ſhip's 


way; ſuch as the log, half-minute glaſs, quadrant, to take the 
altitude of the fun and ſtars; compaſs, to repreſent. the ſenſible 
horizon; and azimuth compaſs, to take the azimuth or amplitude 
of the ſun, in order to know the variation of the magnetic needle ; 
maps or charts of the teas and lands, together with the depth of 
Water, the times and ſettings of the tides upon the coaſts he may have 
"occaſion to approach near; a comp*tent knowledge of currents; of 
tze mould and trim of the ſhip, and the fail ſhe bears, that ſo due 


allowance may be made for lee way: By help of theſe, and {kill in 


the navigator, he may know at all times the place the ſhip is in, 
which way he mult ffcer, and how far, to gain his intended port. 
Notwithſtanding what kas been faid, it may not be improper here 


to obſerve, that, | 


As laticude is counted from the Equator upon an arch of the 
meridian, north and fouth, the difference of latitude between two 
places, both north, or both ſouth, is found by ſubtracting the 
is latitude from the greater; but if one latitude be north and the 


other ſouth, the difference is found by adding both latitudes together. MW 


Conſequently, if a ſhip in north latitude fails northerly, or in 
ſouth latitude ſoutherly, ſhe increaſes her latitude ; but in north 1a- 
titude failing ſoutherly, or in ſouth latitude failing northerly, ſhe de- 
. creaſes her latitude ; becauſe he fails. nearer to the Equator, from 
Wherefore in north latitude failing northerly, or in ſouth lati— 
tude ſailing ſoutherly, the difference ot latitude added to the latitude 
leſt, gives the latitude ß; | | 
In north latitude ſailing ſoutherly, or in ſouth latitude ſailing nor- 
therly, the difference latitude ſubtracted from the latitude left 
gives the latitude in, : | | 
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When the latitude Cecreaſes, and the difference of latitude 3 s 


the difference, and the remainder will be the latitude in, and of a 
different name; for it is plain, in this caſe, that the ſhip has croſſed 
the Equator. 

As the longitude is counted Som the fir meridian eaſt and weſt, 
until it comes to the oppoſite meridian, therefore it. cannot exceed 
180 degrees. 

The difference of longitude between two places, being both eaſt 
or weſt, is found by ſubtracting the leſs longitude from the greater; 


the difference of longitude. 
failing weſterly, the difference of 3 added to the longitude 
leſt, gives the longitude in. 

In eaſt longitude ſailing weſterly, or in weſt Wp failing eaſt- 
erly, the diſſerence of longitude fubtracted- irom the longitude left, 
gives the longitude in. 


When a ſhip fails eaſt or well, until ſhe paſſes the oppoſite me- 


ridian, or 180 degrees, ſhe changes! her longitude, or comes into a 
longitude of a different name. 


What has been ſaid, will be cendered familiar to.the n by 


the fon at examples: : 


Exam. I. What is the difference Exam. II. 
of latitude between London in| 29? 17, S. ſails ſouthward until 
latitude 519 32 N. and Rome in] her difference of latitude be 374 
lati: ude 419 54 N. | miles, what latitude is ſhe come 


to ? 
From London's lat. 51 32 N. 3 „ 
Subtract Rome 's lat,” 274 54 N. Ladtude ſailed from 29 178. 
5 Diff. of f lat. 374 + 60 = 6 148. 
Rem. the diff. of lat. | 9 38 N. — 
: . 68 # Lat. i . — 35 31'S, 


; 2 : 
| 


Exam. IN. Reset the Fi BAY Exam IV. A ſhip from latitude 
8 25' N. fails ſouth 600 — | 


of latitude between Cape Finiſ. 
terre and Cape Rogue in South hat latitude is ſhe in? 
America? : 


From diff. of lat. 600 


ous Finiſterre- 8 BY 4.2 52 N. miles, or — 10.00 8. ; 
Cape Nenne lat. 5 0 §. Bub. lat. left * 8 27 N. 
Diff of lat. 2. 47 $34 Diff, lat. in . 2 0 1 35 85 
| | 60 : | . yp 8 5 Ut 
3 — 1 Bs N 
Diff. in miles 2872 1 5 2 
. 8 5 : G 2 3 Log NO k 


greater than the'latitude failed from, ſubtra& the latitude left from 


but if one be in eaſt longitude, and the other i in weſt, their ſum is 


Therefore in caſt longitude failing eaſterly, or in weſt longitude 


A ſhip from latitude 


In 
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In the laſt example it is plain, that as the difference of latitude is 


more than the latitude left, the ſhip muſt have croſſed the Equator, 
and conſequently come into ſouth latitude. | 


Norz. When one of the places has no latitude, or is on the 


| Equator, then the latitude of the other place is their difference of 


latitude 


Exam. V. What is the difference of 
longitude between Cape Finiſterre 
and eaſt point of Barbadoes? 


Cape Finiſterre's long. 9 14W. 

Barbadots' long. 89 37 W. 

Diff. of long. Ba co 23 W. 
3 60 
Diff. in miles = 3023 


Ex a. VII. What is the difference 
of Jongitude between Barcelona and 
Liſbon ? . 


2 18 E. 


| Barcelona's long. K 
Liſbon's long. 9 W. 
Diff. of long. — 1 25 W. 


Exam. IX. What is the difference 
of longitude between the N. E. 
point of Japan and St. Chriſto- 
pher's? FE . 

N. E. of Japan's long. 140 25 E. 

St. Chriſtopher's long. 62 42 W. 


Long. in — 


| 


1 


— . 


1 


Here it is plain, that the ſhip has 
| croſſed the oppoſite meridian, and 
therefore has come into a longitude of 


Exceeds 1 805 oO 203 0% 
| T0 360 oo 
Diff. of long. — 156 53W. 


1 


In ſailing due north or ſouth, the ſhip changes her latitude only; 


Ex AM. VI. A ſhip from Cape 


Charles in Virginia ſails weſtward, 


till her difference of Jongitude be 


in? 
w — +. 
Cape Charles's long. 75 MW. 


Diff, of long. 400 miles = 6 40 W. 


400 miles, what longitude is ſne 


Ex AM. VIII. A ſhip from 15 40“ 
E. long. ſails weſtward till her diff. 
of long. be 27 15', what long. is 
* „ „ 

t 


Long. le 15 40 E. 
8 Diff. of long. | 27 ISW. 
Long. in I = 11 zy W. 
Ex AM. X. A ſhip from longitude 


1600 20 W. ſails weſtward until! 


ſhe differs her long. 419 209 what 

long. is ſne in? 55 

Long. left — 160 20W. 

Diff. of long. — 7 20 W. 

_ | 201 40 
360 00 

Long. in — _ 158 20 E. 


a different name. 


and failing eaſt or weſt, her longitude ; but failing upon any other 
courſe, the muſt change both latitude and longitude. | 


Eafting or weſting in Plane Sailing, is called Departure or Meri- 


dian Diſtance. Fe 
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"Tine inſtrument aled in meaſuring a ſhip's way at ſea, is the L 
Ships at ſea are directed from one place to another by means « K 
an inſtrument called the Mariner's Compaſs. 3 
The Mariner's Compaſs is an artificial repreſentation of the VB > 
rizon of every place, by the means of a circular piece of paper, called 
a card, divided like the horizon into degrees and points, which are 
called Rhumbs. Now the card being properly fixed to a piece of 
ſteel, called the Needle, that has been touched with a loadſtone, 
(whoſe property is ſuch as to cauſe one end of the needle ſo touched 
to point towards the north, when turning freely on ſomething ſup- 


porting it) all the points of the card will be directed towards the 


correſponding points of the horizon : 

Hence it follows, that in every place the north point of the 3 
ſhews the poſition of the meridian of that place, and ſome one rhumb 
or point of the card will coincide with, or be directed along the track 


that makes any given angle with che meridian; conſequently, by 


the help of the card or compaſs, a thip may be kept i in any propoſed 
track or courſe, | 

'A Rhumb Line, or point is a right line drawn from the centre 
of the compals to the horizon, andi is named from that point of the 


horizon it falls in with. 


The Courſe, is the angle which any rhumb line makes with the 
meridian, and is ſometimes reckoned in degrees, and ſometimes in 


points of the compaſs; ſo that if a ſhip ſails upon the ſecond rhumb, 


or N. N. E. the courſe is 22 degrees 30 minutes : and fo for any 
other, as in the following table, which the learner ſhould be ſo well 


acquainted with, or the compaſs, as to be able readily to tell how 


many points any courſe or FRO is diſtant Frog the meridian, 0 or 
om the pennt. 1 x 
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Þ LAN 841 LI N G. 


LANE SAILING is the art of navigating 2 ſhip upon prin- 

ciples deduced from the notion of the earth's being an extended 
Plane, and is no more than the application of Plane Trigonometry 
to the ſolution of the ſeveral variations, or caſes ; where the hypo- 
thenuſe, or longeſt 5 is always the rhumb that the ſhip ſaillss 
upon. | 
The Perpendicular is the difference of latitude counted on the bs 
meridian, and the bale the departure: which is remng or weltingy 
counted from the meridian. 

The Angle oppoſite the baſe is the courſe, or angle, that the ſhip 
makes with the meridian; and the angle oppoſite the perpendieu- 
lar is the complement of the courſe, which being taken tanze 
make always eight points or rhumbs, which is 90 degrees. 9 

In conſtructing figures relating to a ſhip's courſe, let the upper 
part of the paper, or what the figure is drawn upon, always e * 
the north; the lower part will be the ſouth ; the right hand eaſt ; Fo: 22 | 
and the left weſt. 
| Draw the north and ſouth Tine to repreſe 
place the ſhip: ſails from; then, if the ſhip's ourſe is to the ſouth- 
ward, mark the upper end of the line for the place failed from; 
but if the courſe i is northward, mark the lower end for that place. 

When the courſe is eaſterly, deſcribe the arch, and lay off the 7 
courſe and departure on the right-hand ide of the meridian; bur 5 T4 i 
when weſterly, on the left-hand fide, _ _ 

When the courſe i given in degtees, the degrees expreſſing + A 
muſt be taken ron e line of chords; but when in points, from _ 
the line of rhumbs ; and always to by laid off upon the arch, be- 9 
ginning at the meridian,” 

When the courſe is given in Points, it may be ſet 3 with its : 
correſponding logarithm in points in the calculation, as found in the » Ga 
. firſt page of the logarithms, without reducing | it into degrees, as it 
ſeems altogether unneceſſar. | b EL 

In all caſes, wherever the complement bourſe, or e les, %e. is - 1 
uſed, the degrees or points put don is the courſe itſelf; yet tge 
logarithm belonging to te 9 or oe of thint Kt * 
| courſe | is taken, _ ä —::! 


2 * . 
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PLANE SAILING? 


CASE I. 


1 Curſe and D 2 failed given, to find the Difference of Latitude . 
101 Departure From the Meridian, 


4 Is 
A $hip from the Lizard, in Latitude 49 37 N. fails 8. W. by W. 80 
88 miles. 
8 Required the Latitude the i is in, and her een from the Meri- 
diag ſhe ſailed Fow ? 


By CONSTRUCTION. 
lat 
Draw the line C A to 1 the meridian of the Lizard, and if 
C the Lizard Point. 
With the chord of 60? in your compaſſes, and one foot in C, 
deſcribe the compaſs N. W. 8. E. 
Take 5 points in your compaſſes from the line of ende on the 
plane ſcale, and ſet it off on the arch from S. towards W. for the EI 
courſe ; draw the line CB, which make equal to the diftance 488; 
6 draw BA parallel to the F. and W. points W. E. to cut the Me- 
ay 8 ridian in A. 
1 Then will AC be the difference of latitude 2751, and A B the As c 
| Teparture 40558. - 5 | Is to 


| PLANE SAILING, | 


By making the Diſtance Radius, it will be by Axiom I. 


The courſe 5 points = 56* 15% |] To the co-conrſe 3 points 3 52745 
; To find the Departure, To find the —_ of Latitude 
RE As radius go' 10.0c000[-\s radius of 10.0086 
Is to the diſtance 488 | 2.68842 [s to the diſtance 458 T; 68842 
5 So 1 is the fine courſe 5 pa 9 9198 5 50 is co-fine courſe 5 pts. 9.74474 
| | \ — —— 
: | XX 60827 12.43316 
: | 10.00000 10. o 
: 
To the A 405.8. 2.60827 To the diff. of lat. 271. 2.433 16 
Now as the ſhip is in north latitude ſailing ſoutherly f from the. 
latitude left „„ "0 4B 
a © Take the difference of latitude 2714F\ = 4 31 8. 
5 5 Gives the Jatituds 1 in 45 26 N. 
2 2 
e And the departure from the Meridian i is 1931 miles. 
3 
- By making the ture Radius, it will be, . 
To find the Departure. | ] To find the Diff. of Latitude, 
s co-ſec, courſe 5 pts, 10.0801 5 As co-ſec. courſe 5 pts. 10.080 
Js to the diſt, * oy __  2.688421ls to the dit, 488 2.68842 
So is radius 8 pts. 90 lo. ooo ah is co- tan. e6brle 5 55 9. 524% 
12.8842 13.81337 
10. 08015 BE 10.0801 5 
o the departure "ey 2.80827 To the diff. of he's 271 3 2. 43 *. 


To find the Departure. 1 
s ſec, courſe pts. 1025526 
s to the diſt. 1888 2.88945 


By making the di "> of latitude radius, it will bs, 


Tofind the Difcrence of Laritnla 
As ſec, courſe 5 pts. 


Is to the diſt. 488 2363842 


zo is tang, courſe 5 pts. 10, 17511 
12.8635 

| 10.255260 
To the dep. 405, 2.608271 


So is the radius 8 pts. 90? 10. 05009 
. „ 8 1268842 

N = Y 1556 
To the diff. of lat. 271, 1 : 245316 


WEI IS 


7 all the three ſides are Et dine, to and the dieras of _ 


atitude and departure; therefore, the Learner may make which 


a radius he pleaſes; but as 
he diſtance is made radius, 


* * * 


4 4 my part I ſhall make the ficit, where 
ene ver the courſe is given, ow 
Though this method of working by logarithms is certain, „6 4 
Re FI — be wrought by Gunter's Lew and ne much 5 
more 
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| Courſe and D 


tion. 


Nork.— When the courſe is given in points, make 3 of the 
lines marked fine rhumbs, and tangent rhumbs, on the upper fide 


of the ſcale ; when in degrees, make uſe of the lines marked {ine 


and [angent. 
By 8 U N T E R. 


Now to perſorm the laſt caſe, extend from radius or 8 points t to 
5 points on the line marked SR; that extent will reach from the 


diſtance 488 to the departure 40 58 on the line of numbers. 


2Cly. 
plement of the courſe on the line 5 R; that extent will reach from 


the diſtauce 488 to the difference of latitude 271 on the line of 
numbers 2. 


Thus may 2 all the e be perſormed i in the ſeveral caſes of 


Navigation, 
By this caſe 1s calculated the tables of latitude and aw for 


every degree, point and quarter- point of the Mariner's Compaſs, 
to the diſtance of 300 miles, which is of excellent ule in working 
day s works at ſea, and may be applied both to middle latitude and 
Mercator's Sailing, as ſhall be ſhewn hereafter ; we ſhall only pro- 
ceed now to the working of the laſt caſe by the Table of Ditf, 2 


Latitude and Departure. | 
By INSPECTION. = 


Find. the given courſe at the top or bottom of the tables, either 
among the points or degrees, and in that page, and right againſt 
the diftance taken in its column, ſtand the difference of latilude and 
departure in their - Cpumns. | 

Thus the courſe is 8. W. by W. or 5 points, which is ſound at 

he bottom of the table of difference of latitude and departure for 
. : and as the diſtance 488 1s too great to be found in the tables, 
divide it by 2, (or any other convenient number) and that gives 244, 
which look for in the diſtance column, and"right againſt it ſtands 
135.5 for the difference of latitude, and 20278 for the dep erture, 
which being doubled (becauſe divided by 2) gives 271 for the dif- 
ference of latitude, and 405,0 for the departure, the ſame as before, 
Any cf theſe methods will do, but the laſt is chicky practiſed at fea, 

Norg.—All points above 4, are to be looked for at bottom of 
Table III. and all leis at top, with minutes to right hand in thoſe 


| above 4, and minutes on luft band, i in thoſe lefs than 45” Or 41 points. 


BASE IL.  .-- 


iference of Latitude given, 10 find the Di en e run, 4 and 

| „ rom the Meridian, a 
If a 8 runs S. E. by E. irom 1* 45 north latitude, and then 

by obſervation is in 2? 40 [Cuth latitude, What is her diftance and 


departure? 1 | 
„ ä Eo dN, 


more e expeditiouſly, and exact enough in the practice of pavigas 


Extend from radius or 8 points to 3 points (the com- 


tance 
Liitan 


PLANE SAILING. | 55 


Now, in mis caſe, | as the ſhip } has croſſed Ts Equator, therefore 


dhe latitude 1 45 N. added to-22 46'S. is 49 31% Which. multiplied 
by 60 gives 27 miles for the difference of latitude. | 
Conſtructed the ſame as Pro- B 
blem VII. in Geometry. | 
Draw BC=271, and BA making = 
an angle with BC==5 points, or &. 
56® 15': upon C erect the per- 8 
pendicular CA to join BA in A 
and it is done; then will CA= 2 | 


406, and AB=488, 


d CALCULATION 


By making the Diſtance AB Radius, it will be, 
Courſe S. E. by E. 5 Pts = 56 15 Complement 3 Points = 332 45/ 


To find the Departure. | To find the Diſtance, _ 

As co-fine courſe 5 pts. 9.74474 As co-fine courſe 5 Pts, 9.74474 
Is to the diff. of lat. 271 2.4329) Js tothe diff. of lat, 271 2.43297 
80 28 ine courſe 5 points 9.9198 5| So is radius | 10.09000 
| 2.35282 : Cs 12.43297 

= 9:74474| 9.74474 

To the deparfure 405, 2.60808 To the diſtance 487,8 2.68823 


Hence the ſhip? s diffance. run is 487,8 miles, and her departure 
from t the meridian i is 405,0 eaſterly. | 


By: GUNTE R. 


© Extend fo. 3 to 5 points on the line marked SR, that extent 
will reach from the difference of latitude 7s to the departure 40556 
on the line of numbers? 

2dly. © Extend from radius or 8 points to 3 points that extent 
will reach from the difference of latitude A to the diſtance 458 v on 
the line of numbers.“ 


By INSPECTION. 


Find the courſe among the points or degrees, and the differente 
of latitude in its column, right agzinft which ſtand the diſtance and. | 


departure in their columns, g 


Nov, as the difference of latitude 271 is too great to be fund? in 2 
the tables, I divide it by 2, and that gives 135,5 Which I find over 
points in the. latitude column; againſt that ſtands 244, for the di- 


tance, and 202, 5 for the departure, which multiplied by 2 gives tlie 
diſtance 488, and the departure 405. 
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with the, chord of 60, on C de- 
ſäeribe an arch, and ſet off thereon 
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60. | © PLANE SAILING. | 


CASE Ill. 


| 2235 and Departure from the Meridian given, to find ee and 


Difference of Latitude. 


* CONSTRUCTION. | 
B _ Dep. 406 E C 


Draw the meridian AB, upon 


parture 406 eaſterly from B to C, 


the domplement of the courſe, as 
DE, and through D and C draw 


tance AC, a red on the ſame ſcale aa uſed, gives 4495 and 


3 


By CALCULATION. 
By making the Diſtance AC Radius, 1 it will be, 


— —U—4-ᷓ—4 h 


To the diff. of lat. 192 . 228336 To oe dhe. 449.1 2.65237 


— 


From the latitude leſt 


Subtract the difference of ne 192 mite, o 2 23 No 
'  Theremainder being 3s ſhews the ſhip i is b — . o 03 8. 


By G U E E R, 
8 33 from 52 points to 21 on the line marked 8 R, that ex- 


tent will reach from the departure 426 to the difference of latitude 
192 on the line of numbers.” 


2dly. © Extend from radius to 54 "IMG that extent will reach 
four the I EE th 5 to the diſtance 449 mieses,  * | 
| | By 


If a ſhip fails N. E. by E. 4 E. from a port in 315 South lati- 
tucde, until ſhe depart from her firſt meridian 406 miles, I demand 
her diſtance, and what latitude ſhe is in? 


the line CDA, cutting the meridian in the point A; then the diſ- 


_ The conrſe oints = 64 4i/ The compl. 24 points = 2 3 
To find the! Di of r $94 , "To find - es. 4 | 
As fine-courſe 5 I pts. 9.95616; As fine courſe 54 points 9.95616 
Is to the departure 406 2.6085 315 to the A 406. 2.60863 
So is co-fine courſe 53. pts. 9.6 3099 So is mow + > 10.00000 
134 2395 | „% + 200853 
9. = 7 9.95616 


— | 30 1 


6.09 


Tc 


| metry. fx 


PLANE SAILING. EE, 


By INSPECTION. 


F ind the courſe either among the points or degrees, and the de- 
parture in its column; right againſt which ſtands the diſtance and _. 


difference of latitude in their reſpective columns. 


Thus, with the courſe 54 points, and half the departure, I find 
224 for the diſtance, and 95,8 for the difference of latitude, which - 


being, doubled, gives the —_—_— Sy! and the difference of latitude 


192 ny as before. 


CASE IV. 


D 2 and Difference of Latitude given, to find the Courſe nt 
- Departures 


TS * a hip, ils 488 miles, between the ſouth and the eaſt, 
from a port in 2% 52 ſouth latitude, and then by obſervation is in 
7? 23 ſouth e . what courſe has ſhe ſteered, and what de- 


parture has ſhe made ? 
From the Jatitude by obſervation 1 24 take 20 52 the latitude 


left, the remainder 4 31 _ by 60 = = miles or minutes | 
of difference of latitude, | 


Conſtructed as Problein VII. in Dow ” 


Draw the meridian A B = 271 ; upon 
B erect the perpendicular B C; take 488 
in your compaſſes, and with one foot on 
A, lay the other on the line B C; join A 
and C; then will B C be the Gopartury 


neatly, | 
To find the Courſe.” | » To find the Departure. - | 
As the diſtance 488 2.68842] As radius | .  10,00000 
Is to radius . +  10,00000j{Þs to the diſtance 488 2.68842 
So is the diff. lat, 278 2.43297 80 is fine coarſe 569 16. 9.91993 
| n 4329070 | fn — 
Foo, 


To ev-fine cou. 569 16 9.74455To the departure 405,8 2.60835] - 


Hence the courſe is S. E. by E. and the departure 40 558. 
By GUN TER. 


8 The extent, from the diſtance 488 to the difference of latitude | 


271, on the line of numbers, will reach from radius or 90 to 33? 
44 che Semen on che line of ſines. 


406, and the . B A C the courſe * 0 10, or e's points 


And | 


1 | wt 
3 > * * x 
NL OE 2 2 
* 8 ET r ue - ny , k, A 
— xo . > > aa: E + EF 5 Br” C.. * 0 : [4 . 
9 a ; » Conn 4 ER. SD F e * 3% 3 1 1 
. 8 - a - ; . "3 bt 
* Md . : ED & >. 7 - = 
* 7 * * * 1 
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1 And the extent, 0 56 16 on the line of ſines, will 


numbers.“ 


By INSPECTION. 


f J „ = IM oof tables till againſt the diſtance, taken in its column, 
_ be found the given difference of latitude in one of the following 
_ columns; and adjoining to it ſtands the departure; which, if leſs 


TT than the difference of latitude, the courſe is found at the top; but 


tif greater, the courſe is found at the bottom. 


135,5, look in the tables till they are found to agree in their reſpective 
columns, which they do nearly over 5 points; againſt them ſtands 
202,8 tor the departure, which being doubled, gives 40576 nearly, 
as before. 


CASE v. 


1 du and Dun. given, 2 find the nr and Difference "> 
Latitude. 


25 Admit a ſhip fails 488 minutes between the oth and 0 in 
= the Iſland of Bermudas in lat. 325 25 north, until her dep, is 405 
miles; ; what courſe has {he ſteered, and what lat. is ſhe inf 


Wy 12 


: * 
_ —— - wy * 
* 5 96 2 a 
. 


Dep. . 405. 


| Norz. This caſe is conducted much Mn 
— ſame as the laſt. 


7 — * 
n 


1 By CALCULATION, , 


* * To find the Courſe, | | ee che dg er - 

1 4 5 As the diſtance 488 2.68842 as; radius 24 10.00000 
| * - Is to radius | _ 10,000081\ls to the diſtance 488 2.08842 
We So is departure 405 238650746 . r 18 co· ſine co. 5660 9.74644 
1 4 : EE ce ; | . | 
| 12.6074 N e . 
AF 2.68842 „ 10. ooooo 
To the fine of cou. 56 6 9 91904 To the diff. of lat. 272,2 2: 43450 


Hence the Courſe is N. 562 6' W. or N. W. by W. nearly, 


To the latitude ſailed from 329 2 25 add the 8 of latitude 
272, or 4 32 gives 30 5% the * the —— is in. 


reach from the diſtance 488 to the Gy 49538 on the line of 


Now, with half the diſtance 244, and half the difference of ds 


B 


To 


3 


He 


tan 


\ PLANE SAILING. „* 


Extend from the diſtance 488 to the departure 
of numbers, that extent will reach from radius to the * 565 6 
on the line of fines,” 

2dly. Extend from radius to the „ of the courſe 
| on the line of fines, that exent will reach from the dif 

488 to the diff, of lat. 271 on the line of numbers.” 


By INSPECTION. 


Seek in the tables til] againſt the diſtance, taken in its col mn, bo 
found the given departure in one of the following columns; and 
adjoining to it ſtands the difference of latitude; which, if greater 
than the departure, the courſe is found at the top; but if leſs, the 
courſe is found at the bottom. | 
Nov, with half the diſtance 244, and half the departure 20245, + 

look in the tables, and find them to agree in their columns, nearly 
over 5 points, againſt which is latitude 135,5 which being e 
is 271, the difference of latitude nearly, as belere. | 5 


CASE vl. 75 = | 
Difference f Latitude and 3 given, to find the Courſe and 


iſlance. 


A ſhip fails between the north and weſt till her difference 55 hb 2 = 
titude is 271 miles, and her e is 406 miles; I demand her 
courſe and diſtance? | | | 

A as Problem IX. in Geo- | Dep. 4⸗⁰⁰ 
metry. e | 
Drau Ag; 8 I, aud perpendicular | 
to it BC=406; join Cand A; then 
will the angle CA B'be the coutſe.— == 
56? 17, and A 8 the pes = = en 


miles. a 


'To aud 95 C 5 5 EY 18 'To find the Diſtance. 


As the diff. of lat. 271 - 2 43297; As radius ' 10.00000 . 
Is to radius Ic. ooo Is to the diff. of lat. 2951 2.43297 
So is the e departure 406 28.608 53 So is ſee. of the courſe | 
| N 56 177 V IO» 25564 | 
12.608593 | ——— ß 
2.47497 „„ a 12.568861 7 
— . =: _ 1000000, ©. 
To the tang. of the cou, OO — | 


$69 39 | - T0: 17 $56. To the diſtance 4 2068861 


Hence ber courſe is N. 56% f My. 6 N. . by . and the dif 7 
tance W is 45 miles. | 2.7.4" 
By 3 


Pye, 


IN 
8 N 
a * * 


—_ PLANE SAILING, 
BY G UNT E R. 1 
Extend from the difference of latitude 271 to the departure 
406 on the line of numbers, that extent will reach from radius to 
50 17 the courſe on the line of tangents. 
2dly. For the diſtance we muſt conſider it as radius (there be- 
ing no line of ſecants on the ſcale) and extend from radius or go? 
to the courſe 5 points on the line of fines, that extent will reach 


from the e 406, bo, the diſtance 488 on the line of num« 
bers, 


: ber ; 


„ Seek in the tables till half the given difference of latitude I 35,5 
* and departure 203 are found together in their reſpective columns; 
then right againſt them will be found the diſtance 244, in its column, 
and the courſe ſtand in degrees either at the top or bottom of the 
column where the difference of latitude and departure was found, 
which in this caſe is under 56 15}, or 5 points the courſe required. 
The fix foregoing Problems are the common caſes of Plane Sail- 
ing, which the learner ought to be well acquainted with; and for that 
end | here add ſix more for practice, whoſe anſwers may be found by 
the foregoing rules: | 
Dreftion I. A ſhip in 20 10' ſouth latitude, fails N. by E. 89 
2 ; what latitude is ſhe in, and what is her departure? 
Arfwer. Latitude in 2? 12 N. and departure 17. 36 leagues. 
Dueftim II. A faip fails 8. S. W. from a port in 419 30 north 
latitude, and then by obſervation the ſaid ſhip is in 369 57 york 
my —JIaticude; I demand the diſtance run and departure? 
oer. Diſtance run 98,5 leagues, departure 37,7 leagues. 2 
A * | 1 III. A ſhip fails S. S. W. half W. from 29 30 ſouth 
Attitude, until her departure be 59 leagues; 1 2 her diftance 
run and latitude in! 
1 Anſwer, Diſtance run 125,2 leagues, latitude i in 8e 1“ ſouth, : 
Bueftion IV. If a ſhip fails 360 miles ſouth weſtward, from 215 50 1 
ſouth latitude, until by obſervation ſhe be.in 24 49 ſouth latitude, n 
what is her courle and departure? _ aft 
Anſwer. The courſe is 8. W. by W. 4 W. or S. 61ů 4% W. and x 
her departure from the meridian is 317,3 miles. 
reffion V. Suppoſe a ſhip fails 354 miles north eaſtward from 
* 9 ſouth latitude, until her tore be 1 50 miles ; what is her 1 
courſe and latitude in? = 
..= Anſwer, Her courſe is N. 25 4 E. or N. N. E. 4 z E. nearly, 
. and ſhe is in latitude 3011 north. 5 | v 
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oO TRAVERSE SAILING, © — 


9ue/tion VI. Sailing between the north and the weſt, from a 


port in 1? 59 ſouth latitude, and then arriving at another port in 45 a 

north latitude, which is 209 miles to the weiiward of the firſt port; 

I demand the courſe and diitance from the firſt port to the ſecond F © 
Anſwer The courſe is N. 299 40 W. or N. N. W. 4 W. nearly; 


and the diſtance of the ports is 422, 3 miles, or 140, leagues. 


TRAVERSE SAILING. 


Hen earned thoſe neceſſary problems concerning a Single 


Courſe, the next is a Compound Courſe, commonly called a 


* 


Traverſe ; in order to the right underſtanding of which, obſerve the 


following definitions: $f | em -- 
A Traverſe is when a ſhip, meeting with contrary winds, fails on 


ſeveral courſes. | 


When the wind is directly or partly againſt a ſhip's direct courſe _ 
to the place ſhe is bound to, ſhe reaches her port by a kind of E 


like courſe ; which is made by failing with the wind, firſt on one 
ſide of the ſhip, and then on the other fide, - he oe ns 
In a ſhip, when looking towards the ſtem or head 
Starboard ſignifies the right-hand fide; _ e 
Larboard, the left-hand ſide; | DE 
Forwards or Afore, is towards the head or ſtem of the ſhip; 
Aft or Abaft, is towards the hinder part or ſtern; 5 


The Beam, ſignifies athwart or acroſs the middle of the ſhip. 3 


When the ſhip fails the ſame way the wind. blows, ſhe is ſaid to 


ſail or run before the wind; and the wind is right aft, or right 
aſtern; and her courſe is then 16 points from the wind. 25 
When a ſhip fails with the wind blowing directly acroſs her, ſhe 
is ſaid to have the wind on the beam; and her courſe is 8 points 
from the wind, = . ts 1 
When the wind blows obliquely acroſs the ſhip, the wind is ſaid 


to be abaft the beam, or afore the beam, according as her courſe is 


more or leſs than 8 points from the wind. 2 
When a ſhip endeavours to ſail towards that part of the compaſs 
ſrom whence the wind blows, ſhe is ſaid to ſail on a wind, or to ply 

o windward, EP np 
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the tack the ſhip leads with; draw a line through the place bound 
to, parallel to the other point, to meet with the firſt, and this will 


* kept a table, called the log - board, divided into ſeven co- 


* 


"G61 - © -*FRAVERSE SAILING. 


1 veſſel 5 near as ſhe can to the point from whence the 


wind blows, is ſaid to be cloſe hauled. The generality of ſhips will 
lie within about 6 points of the wind, but ſloops and other veſſels 


will lie much nearer. 


The Windward, or Weather-ſide, is that ſide of the ſhip on which 
the wind blows; and the other fide is called the Leeward or Lee- 
fide. | . . 3 _ 
Tacks and ſheets are large ropes made faſt to the lower corners 
of the fore and main fails, by which either of theſe corners are hauled 
fore and aft. a | „ | 

When a ſhip ſails on the wind, the windward tacks are always 
hauled forwards, and leeward, or lee-ſheets, aft. _ 

The ſtarboard tacks are aboard when the ſtarboard ſide is to 

windward, and the larboard to leeward ; and the Jarboard tacks are 


R DEED dy ret ET ES OS 


aboard when the larboard fide is to windward, and the ſtarboard to 


leeward. 15 | Tj 
To know how near the wind a ſhip will lie, obſerve the. courſe 
ſhe goes on each tack when ſhe is cloſe hauled, then half the num- j 
ber of points between the two courſes will ſhew how near the wind 
that ſhip will lie. ” | 5 | — | 
The moſt common caſes, in turning to the windward, may be 
conſtructed by the following precepts : | - 
Having drawn the meridian, or north and fouth, and parallel of D 
latitude, (or eaſt and welt line) in a circle, repreſenting the horizon 
of the place, mark, in the circumference, the place af the wind; 
draw the rhumb, paſſing thnough the place bound to, and lay thereon 
the diſtance of that place from the centre. F 
On each fide of the wind lay off in the circumference the points 
or degrees ſhewing how near the, wind the ſhip can lie, and draw the 
rhumbs. | | FFF | 
Now, the firſt courſe will be-on one of thoſe rhumbs, according to 


ſhew the courſe and diſtance on the other tack, | 

To reſolve a Traverſe, is to reduce and bring ſeveral courſes into 

one; the courſes are known by the compaſs, and the diſtance by 

the log, which in common voyages is hove once in two hours, but 

in ſhips of war, or in Eaſt-Indiamen, every hour. : 
In the ſteerage, or ſome convenient place in the ſhip, there is 


umns; in the firſt is written the hours of the day, in the ſecond 
the knots the ſhip runs during half a minute; each of theſe 
knots bear the ſame proportion to a ſea mile that half a minute 
does to an hour; 1 ſo many knots as the ſhip runs in 
half a minute, {the time allowed for trying the experiment) ſo 
many miles ſhe runs in an hour. In the third the fathoms, 10 
of which ought to make a knot; in the fourth the courſes ſteered 


tion is called doing a day's work, 


TRAVERSE SAILING, ; 


by the compaſs ; in the fifth the winds; in the ſixth the leeway, 


or how far the ſhip is drove to the leeward of the courſe ſteered by 
the compafs; in the ſeventh the tranſactions of the day, as in the 


following table. Every day at noon the contents are tranſcribed 


into the log-bock, which is divided into columns, exactly like the 


| log-board, and the ſeveral courſes being corrected by allowing for 


the leeway and variations, and the diſtance run upon each being ſet 
down in a traverſe table, ſhews what difference of latitude and de- 
parture the ſhip has made during the laſt 24 hours; and from thence 
is found the latitude and longitude the ſhip is in, &c, This opera- 


—— 


1. 
7 


Tuz LO G- BO ARP. 


5 in Hah — — 
5 2 Lacs | | 

H.. Courſes, | Winds. way. Tranſactions. 
2 - 6 ä 8. W. by 8. N. 5 N Vi 
4] $1741 ©» | 

S | Cu 35 — Moderate gales| 
10% N. E. Ni. N. W. K fair weather; 
12 4| 5 8 = „ ſat 8 A. M. ſaw 
FR ⁵̃ͤꝛ—ᷓ— > } : a ſhip to the 

8 4 5 25 * PREY 5 | northward. 

8 | 5 | © |S. W. by 8. W. N. W. „5 
18 3 „%%% Ea, : No obſerva- 
12} 4 ; 8 3 co 8 


7 1 4 a 
wo » * — 1 * «© # © $2 '% by 4 - 0 N — 2 8 . 
- 


Having placed the ſeveral courſes, and diſtances run upon each, 


begin with the firſt courſe 8. W. by S. which is 3 points, and the 
diſtance run upon it being ſummed up, is 21,5 or an half, which 
being doubled (becauſe the log is. hove every two hours) is 43. 
In like manner proceed with the other courſes, and then find the 
difference of latitude and departure for each courſe and diſtance. 


When the courſe is to be ſouthward, the difference of latitude | 


muſt be ſet in the column marked 8, but if to the northward, 


3 e 


_- 
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in that marked N.; likewiſe when the courſe is to the eaſtward, the 
departure muſt be ſet in the column marked E.; but if to the weſt 
ward, in that marked W. Thus the firſt courſe being S. W. by S. 
3 points, the difference of latitude belonging to it is ſet under S. 4 
and the geparfure under W. as in the following table: 


Tun TRAVERSE TABLE. 


cobkszs. | DIST. N. De, $a WW. 1 
S. W. by d. 43 = 158] 239 : 
CCC. 
8. W. by W. 27. : 294 1] © 15, 
VVV 
„8 | | 38,9 | 


9 
= 360% $9 13h5| 
I 


D. Lat. 265 4 Ws W. 7 


Here the ing: bewe greater than the eaſtings, the difference 
Ae how far the "thip has got to the weſtward ; and the ſouthings 
being greater than tne northings ſhew how far the has got to the 
ſouthward of the place ſhe ſet out from. | 

Now the difference of latitude 26,4 and departure 7, 1 being looked 
* ſor in the tables, will be found nearly ſtanding together under 15? 
and againit diſtance 27. Hence the courſe made good upon the 
ſeveral courſes is 3. 159 W. and the diſtance 27 miles. 

In heaving the log, one man holas the reel upon which the log- 
line is wound, and another holds the half- minute glaſs; an officer 
of the watch heaves the log over on the Jee-quarter, and when he 
obſerves the ftray-line is run off the reel (to denote which there is 
 Hxeda red rag) he cries turn] the glaſs- holder anſwers done“ who, 
watching the glais, the moment it is run out, cries /top / the reel 
being imme 1ately ſtopped, the knots, or knots and fathoms run 
off, thew the ſhip's rate of failing pes hour, if the wind happens to 
have been conttant. | 


- 


EXAMPLE 


TYXAMPLEE © 


Suppoſe a ſhip takes her departure from the Lizard in latitude 
4% 5% N. it bearing N. N. W. diſtance by eſtimation 5 leagues, 


falls S. E. 34, W. by S. 16, W. N. W. 30, and S. by E. 40 miles; 
required the latitude ſhe is in, and her bearing and diſtance from the 
Lizard: = 31. | 

: B) CONSTRUCTION, 


1 
. 
* 
% 7 


Draw the line LM to repreſent the meridian of the Lizard, and 


L the Lizard point; on L deſeribe the compaſs; then, ſet off the 
oppoſite point to the bearing of the Lizard; the S. S. E. line LA, 
which make equal to 15 miles; parallel to the S. E. line draw the 


ine AB equal to 34 miles; again, from B parallel to W. by 8. 


draw BC equal to 16 miles; next through. C draw a line parallel to 
W. N. W. which make equal to 39 miles; from i} draw D Ex, 
parallel to the S. by E. line, equal to 40 miles; then is E the place 
of the ſhip at the end of her ſeveral courſes, E L the diſtance, L M 


the difference of latitude, E M her departure, and the angle E LM 


the courſe ſhe has made good. # 
| Re gs To 
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| To find the ſame by CALCULATION: 


- For the firſt Courſe, 
To find the Diff. of Latitude. | 


As radius go?  10.00000[As radius go? 10,00000 
Is to diſtance 15 | 1-17609{Is to diſtance 15 1.17609 
So is co- ſine courſe 2 pts. 9.96562 80 is five courſe 2 pts. 9.58284 
. 10.5893 
| | 10.00000 10.00000 

To diff. lat. 13,9 1.1471 To departure $7. 0.75893 | 


8. 8. E. 15 Miles. 
For Departure. 


Second Courſe 8. E. 34 Miles. 


For Difference of Latitude. 


For Drs, 


As radius 90 10. ooo As radius go? 10.00000 

Is to co-fine courſe 455 9.84948 [Is to ſine courſe 458 9.84948 

So is diſtance 34 - #53148 So is diſtance 34 1.53148 
11. 38096 11. 38096 

10.00000 I0,00000 

To ait. latitude 24 1. 38096 To departure by 1.38096 

Third Com W. by S. 16 Miles. 2085 
For 0 of Latitude. For Departure. 

As radius go? | 10.00000|As radius go? - © 10,00000 

Is to co-fine courſe 78” 45” 9.29024 Is to fine courſe 78% 450 9.99157 

So is diſtance 16 | 1 4 So is ee 1.20412 

10. 2550 141.5369 

10. 00000 | 4 10.00000 

To diff, une 371 0.49436 To departond 15,6 1.19569 

5 Fourth Courſe W. N. W. 30 Miles. 
For Difference of Latitude, | For Departure. 

As radius go? 10.00000|As radius go? 10.00000 

Is to co-fine courſe 67? 30 9.58284 1s to fine courſe 67® 300 9.96562 

So is e 39 1.59106 So f is diſtance 39 I. 59106 

11.17390 11.55668 

| |  10,00000 | 5 10.00000 

'To diff, latitade 14,9 | 3-17 39o[To departure 36 1.55668 

13 | Fifth 
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' Fifth Courſe S. by E. 40 Miles. 


For Difference of Latitude. | For Departure. 


As radius 90? 10 00000[As radius 90 |  10,02000 
Is to co-fine cou. 11? 15% 9.991517|Is to fine courſe 11® i5' 92904 
So is diſtance jo 1.60206 So is diſtance 40 1.60206 
| 11.593633 1089230 
| 10.00000 EE 
| To diff. lat. 39,2 1. 59363 To departure 7,8 0.89230 


Though this method of finding the difference of latitude and de- 
parture by logarithms is certain, yet the ſame may be more readily 
found by the tables of difference of latitude and departure; that is, 


to find the difference of latitude and departure for each courſe and 
diſtance by inſpection, and placing them down as in the following 


Traverſe Table: 

FE | DIFF, LAT. DPR TUN. 4 
COURSES, | DIST, |——- — — — — 
. a N. 8. | E. | W. 

8. 8 | 15 | 5 13.9 | 557 | $ 
J | | 240 | tho) by 
| W.bys. | 16 1 : 15,7 
[W. N. W.] 39 14,9 „„ 

S.WE e | 3992 | 78 | 

From ſum — 1, | 89,2 | 37,5 57 
Take | — fa F 
Reſts — | — | 65,3 . 14,2 | 

f „ . . * | þ es ho - 


— —B 


Having placed them as above, add up all the weſtings, eaſtings, 
northings, and ſouthings ſeparately, and ſet down their reſpective 
ſums at the bottom of each column; and as the wefting is greater 
than the eaſting, ſubtract the eaſting therefrom, and the difference 


14,2 ſhews that the ſhip's departure is ſo much weſt of her firſt 
meridian. _ | N = 

Again, the ſouthing being greater than the northing, ſubtract 
the northing from it, and the remainder ſhews how far the ſhip is 
to the ſouthward of her firſt place. | — 


To 


To find the dire courſe or Bear- 


As 5 diff. lat. 65.3 dn 
Is to radius go? 1000000 

So is the departure 14,2 1.15229 
11. 15229 

1.81491 

To tang. cou. 12 16˙ 9.33738 


ing of the Lizard from the 
ſhip. | 


| Which, becauſe the difference 
of latitude is ſoutherly, and the 
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„% 
To find the direct Diſtance. 


As fine of cou. 120 167 9.32728 


Is to the depart. 14, 2 1.15229 
So is radius go? 10.00000 
' 11.15229 

ing 9.32728 

To the diſtance 66,84 1.82501 


The courſe and diſtance may 
be found ſufficiently near under 


W. | Whence the Lizard bears diſtance is 67 miles. 
N. «lay 1*-1'E. | 


departure weſterly, is S. 129 16' 12 degrees in tables, where the 


„ 


from the ſhip N. 12? 16 E. or 


EXAMPLE I. 


. = Qip fron): the Lizard 49? 57 is bound to Cock} in lati- 
tude 5141 N. whoſe departure from the meridian of the Lizard is 
120 miles weſt, but by reaſon of contrary winds is obliged to fail on 
the following courſes, viz. S. 8. W. 54 miles, W by S. 39, N. W. 
by N. 40, N. E. by E. 69, and N. N. W. 60 miles; I demand the 
direct courſe, diftance, difference of latitude and departure made 


; good upon the ſeveral courſes, with the latitude ſhe is in, and what 


par? ſhe muſt aſterwards Beer, and how far to gain her intended 


* 


1 
% : 1 * * 
& goed 
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By PROJECTION. 
Latitude of Cork — [5 ug 41 
Latitude of Lizard — 20 $7” 


1 44 


LO — — 


| Difference of latitude 104 Departure 120, 


c. — — 


"E 
r 


| wn | Lizard 
. | — 


. 
) 
e 
« 
7 : o 


With the chord of 609 deſcribe a circle, through which draw the 
meridian north and ſouth, and, crofling that at right angles, draw tue 
eaſt and weſt points; the centre repreſents the Lizard; then ſet off 
two points from the ſouth weſterly ; through which draw a line to 
tne centre for the firſt courſe 8. S. W. upon that ſet off the firſt © 
diſtance run 54 miles, which is the ſhip's place at the end of her 

by i e e Bee 
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Draw the W. by S. rhumb; and parallel to it a line, paſſang 
through the ſhip's laſt place; and upon it ſet off 39 for the ſecond 
diſtance; draw the N. W. by N. rhumb; and parallel to it, as be- 
fore, draw a line, paſſing through the ſhip's latt place; upon it ſer 
off 40, and that will be the place of the ſhip at the end of her third 
courſe ; then draw'the N. E. by E. rhumb; and parallel to it a 
line, paſſing through the ſhip's laſt place; and upon it ſet off 69 for 
the fourth diſtance then draw a N. N. W. rhumb; and parallel to 
it a line, as before, through the ſhip's laſt place; and upon it ſet off 
the laſt diſtance 60, which is the ſhip's place at the end of her ſeveral 
courfes; from which draw a line parallel to the eaſt and weſt line, 
until it cuts the meridian ; for the whole departure, from this to the 
centre, being meaſured on the ſame ſcale, will give her difference of 
latitude made good upon the ſeveral courſes; and a line drawn from 
the ſhip's laſt place to her firſt will give the whole diſtance ; and 
the angle which this line makes with the meridian will be the ſhip's 
courſe made good. ö | 
Nou, to find what courſe ſhe muſt ſteer, and how far ſhe muſt 
run, from the centre of the compaſs, or the Lizard point, ſet off 
the whole difference of Jatitude of the two ports, viz. 104, to A 
F; through F draw an E. and W. line weſterly, and ſet off thereon is 
the whole departure 120 from F to E; then will E repreſent the 80 
ſituation of Cork; join A E, and draw A D parallel to the meri- 

dian; then will AE be the diſtance ſhe has run to her intended 

port, the angle EA D is the courſe ſhe muſt ſteer, E D is how far 

me is to the eaſtward of it, and AD is how far to the ſouthward mT 
_— Wo THY | 10 
By CALCULATION % 


— 


With the difference of latitude and departure between the two 


» 


ports, to find their bearings and diſtances.” . 
To find the Bearing. {| © To find their Diſtances. | 

As diff. of lat, 104  ,201503[As radius 10.00000 

Js to radius 9  To.000ccfis to diff. lat. 104 2.01703 

So is whole dep. 120 2.879180 is ſec. courſe 495 10.183)8 


L 12.079 18 CCC 12.208081 
291703 „ 0.00000 


To tang, courſe 49% 5 - 10.062 50 He diſt. aſunder 158,8 2.20081 


eee 


Whence the courſe between the Lizard and Cork is N. 495 W. 
or N. W. 1 W. 12 16 weſterly ; diſtance 159 miles. Or with 
the difference of latitude and departure, the courſe will be found by 
Inſpection to be 499, and dittance 159 miles; and the ſeveral courſes 
and. diſtances being found, will ſtar as in the following 


. 
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TRAVERSE TABLE. 


— ä | 9 


N. N. W. : 60 35 4 | ; . 85 Cs oy | 23 


| From » © © © © & Rp” 127. 0 1 | 57. 5 | $7- 4 104. I 
Take „ 325. | © + © 8 | ©.» & 6 37+: 4 


Remains 1 3 60. 5 „ — | | 46.7 
"Ta find her direct Courſe and Di jftance made good. 


| To find the Courſe. 1 To find the Diſtance. 
As diff. of lat. 69.5 1.84198] As radius 10. oo000 
Is to radius 90 T0. ooo To diff. lat. 59.5 1.84198 
80 is departure 46,7 1.669325 30 is {ec courfe 33? 54 10. o8092 
5 11.6932 3 5 459 
6 1.84198 | 10.00000 
To tang. cou. 335 54 9.827340 To diftance 83,73 1.92290 


Or, with the proper difference of lat. 69,5, and the departure 46,7, 


look in the tables of difference of latitude and departure, the neareſt 


numbers e to * are add and 47 under 34* 3 c 


diſtance 84. | 
2 find the Bearing and 1D lian, to the Intended Pars. 
In Angle AED. 
In Wee Ps 57 N. From whoſe diff. lat. ports 104 
Add diff: lat. 1. N. Subtract "ſhip's northing 69. 5 
Ship's Iatitude in 51. 6 N.] Remains ſhip ſouthw. of port 34. 5 
From whole departure ſubtract ſhip” s depart. 120—47=73 ED. 
As diff, of lat. 34, „ Ws 53782 As radius go, Io. ooooo 
Is to radius go? 10:00000|[s to diff. of lat. 34. 5 | 1-563782 - 
20 is dep. 73. , -1.86332|S0 is ſee. courſe 64 42 10.6921 
| FOOTER ——— 
„„ Eon. 11. 90703 
i 1.53782 .  10.00000 
To tang. cou. 64* 42 . 325 50 To diſt. 80,73 5 1 1. 90703 


| Whence the courſe ſhe muſt ſteer is N. 64% 42' W. or N, W. | 
5 2 | Hy a * 5 Or, 


by W. Z W. diſtance 81 miles. 


. 
. * EW, 1 
— —— Ka * 


99 — ek. 
* = G 


VV DEPARTURES, | 
COURSES."  F DEST» |. Es tans fo 
+ N.-1 $8.” | 37 1 
8. 8. W $4 Toro | 49:9 v6 20. 7 
| W.byS TT 0 Fee» 1 0 + «+0. } JOS 
N. W. by N. | 40 | 38.8 - * © ©  - - © 22. 
N. E. by E. 60 5 57.4 4 
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Or, with the difference of latitude 34,5 and 3 735 18 
| Jnto the tables, the neareſt numbers to thele are 7354, and 3412 ſtand- 
ing over 65 againſt diſtance 81. 
All the preceding may be found by Gunter's Seals, but ſhall 0 
leave the working of them to exerciſe the Learner, who ought to 
be well acquainted with Traverſe Sailing; and for that purpoſe it- | 
has been thought proper to ſubjoin the following, which is the moſt 
general and uſeful that well can be, and may be worked by any of 
the foregoinz methods. | ö 

A ſhip ans, at ſea in 3 37. 10 N. is bound to a port, which 
Hes to the weſtward in latitude 33® ON. the departure between the 
| ſhip and the place is 180 miles; conſequently, by Cafe VI. the 
courſe will be S. W. by S. 2 degrees weiterly, and diſtance 308 
miles, but the wind being variable, is obliged to ply upon theſe ſe- 
veral courſes, the diſtance run upon each, being obtained by the 
log; and the firſt ſhe fails (with her larboard tacks on board) S. W. 
by W. 27 miles, W. S. W. half W. 30 miles, W. by S. 25 miles, 
W. by N. 18 miles. 5 

- (Starboard tacks on board wind ſhifting) 8. 32 80 8. . 
three-quarters E. 27 miles, 8. by E. 25 Miles, 8. 31 miles, S. S. E. 
39 miles. 

Required the latitude the ſhip is in, and her departure from the 
meridian, upon what courſe ſhe muſt fteer if poſſible, and how far 
the muſt ſail to gain her intended port ? * 

The difference of latitude and departure being found by the pre- f 
ceding « directions, will ſtand as in the following Table; ec 
. 755 
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| COURSES. | ni Os OF LAT; DEPARTURE. | 0 
3 S. W. y 1% : 15, 0 22, 4 or. 
| W.S.W&W|' 30 67 28,7 
5 W. vy J. 25 49 245 
49 W. by N75 448 33 1777 
S. G 3 29,6 12,2 
8. S. E. 4 E.] 27 233 289 
| 8. by E. 25 8 2435 439 
South, 31 |, 31,0 
LS. S. . 0 336,0 14,9 
W ind 223,3 
5 ; OD os Pt. 459 
2 , [Dift. Lat. 160, 48 Depar. | 47, A 


he 
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The ag! is in latitude 34? 21 N. the departure is 47:4 W. 
The courſe made good is S. 15 38 W. and diſtance 175,9. 


. The courſe to the ãntended port is 8. 38˙ 35. es or S8. W. "oF W. 


one quarter weſt nearly, — 15 54. 


MIDDLE LATITUDE SAILING. 


22 ; 


N Plane Salling the earth was . as a plane, repreſenting 
2 bowling green, having the meridians parallel to each other, 
and conſequently tbe degrees of longitude equal in all places; but this 


cannot be true, as the earth is a globe or ſphere ; for, 


As the meridians are circles on the terraqueous globe, meeting 
5 the poles, (as may be ſeen in the following figure) it is obvious, 
hat any two of thoſe cireles muſt recede more at greater diſtances 
m the poles; and at equal diſtances from each pole, or at the 


3 the diſtance between the meridians is greateſt. 


The trus place of a ſhip at ſea depends upon its diſtance from the 


equator, and ſome noted earth; and fince the meridional dif-. 


tance, that is, the diſtance between any two meridians, varies in 
every latitude, it is therefore convenient this diſtance ſhould be 
reckoned in a fixed latitude ;, and where the degrees are of the ſame 


magnitude with thoſe of the meridian, which can be no where but 


on the equator, where 60 geographical miles make a degree. 
The circumference of all circles are in ditect proportion to each 


other, as their radii: and ſince the earth turns once round its axis 


in 24 hours, every point upon its ſurface ' muſt deſcribe circles 
parallel to the equator : hence it follows that the circumference of 


any parallel of latitude in miles, is to the circumference of the equa- 


or in miles, as the co- ſine of that latitude is to radius; and, that 


me breadth of a degree, imany parallel of latitude, is to the breadth 
of a degree upon the equator, Z the fine complement of that lati- 


tude is to radius. 
By the leſt proportion was the following table calculated, which 


| ſhews the breadth of a degree of longitude in every latin; ; and 
may be made to anſwer for any degrees or minutes by- taking pro- 


portional 8 „ 6 25 . 


* Pas 
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The following Table fhews how many M. hes anſwer 70 a 3 . 
| a at my e of Latitude. , 


ELL. EE, | | 
ID. L. MILES. lo. L. MILES. D L.|MILES. D. L.|MILESs D. L.|MILES» 


4 | 5 b ; 
1 159 99] 19 5% 73] 37 [47 + 92] 55 34 41 73 [17 - 54 
2 159 . 96| 20 56. 38 38 [47 . 38 56 [33 + 55] 74 16 53 
3 [59 - 92] 21 [50 . 01 39 46. 62 57 32. 68| 75 (15 , 52 
4659 - 860 22 55. 63] 40 45 . 95] 58 31. 79] 76 |14 . 517 
ä . + 90} 77 113-- 50 
6 159 . 67] 24 54. 81] 42 44. 50 60 30. c 78 [12 . 48 
! 152 50 25 {54 + 38 43 43 88 67 29 9 79 f. 45 


1 N 275 
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A 10 159 . 08] 28 52. 9% 46 {41 . 68 64 26. 30 82 | 8. 35] 
2 11 58 . 89 29 52. 4 47 40 . 92 65 25. 36837 . 32 
5 12 658. £8] 30 [51+ 960 48 40. 15 66 24. 41/84. |] 6 .: 28 
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7 Hence | it follows, that 
i As radius, or fine go® As co ge of > any = of far. | 
V Is to the diff. of long. in miles, | > Is to the dilt, run in miles i in that 
S880 is co-fine of any paral. of lat. z , lat. 
We Tothedift.in miles between any, | 8 80 is the radius, or foe of 90 
3 * merid. in * ral. of lat. | To che diff. of Jong. in mien 
„ Prom war Las been aid ariſes the ſolution of the followiy 1 
* Problems: : l A 
uy. PROBLEM 1. = 
* 7 Difirence of Longitubif orenden tes Placts Joth f in one Parallel of 
i [ Latitude being given, to find the D: lance between them. | 
9 0 
7 . a ſhip in the latitude 407 30˙ N. or 8. ſaits treaty E. 
1% or W. until her difference of longitude be 3 305 and the diſtance 
; failed be = % 12h ? 1 5 e | 
: | „ By 
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ES 


By PROJECTION. 


With the fine of go® in your compaſſes taken from the Plane 


Scale, and with one foot in · P. deſcribe: the arch EQ, and upon it ſet 


off the difference of longitude 210 miles, and draw the lines PE and 


PQ to regreſent the two meridians; and then E Q repreſent the 
Equator, and P the Pole. Again, with the fine com. of the lati- 


tude 490 3o' viz. 409 30“ in your compaſſes, taken from the line of 


fines on the Plane Scale, and with. one foot in P deſcribed an arch, 
and the diſtance between the points, where it cuts the two meridians, 


being meaſured upon the ſame ſcale of equal parts that the difference 


of longitude was, will be the departure 136, 4 miles. 
Or, thus, „ 1 1 
Draw the meridian AB, and with the chord of 60 in your com- 


paſſes deſcribe an arch, and upon it ſet off the complement of the _ 
latitude 49? 30 (taken from the line of chords) and ſet it off uon 
the arch as a courſe in Plane Sailing, and draw the line AC as adiſ- 

tance, which make equal to the difference of longitude 210 miles; 
then will the departure C D be the diſtance 136, 4 miles, as before: 


this laſt method is preferable to the former, as we are not confined 
to any particular ſcale. | 93 


Reverſe this Problem, and ſuppoſe the diſtance failed in any paral- 


” 


lel of latitude given, to find the difference of wa 00 


With the fine com of latitude in your compaſſes deſcribe an arch, "oY 
upon which ſet off the departure 136,4 miles, and through the 


points where it cuts the arch draw the lines PE and PQ; then 


with the fine of 90 in the compaſſes, and one foot in the former 
centre P, deſcribe an arch to cut PE and PQ; then EQ being 
meatured upon the ſmall ſcale of equal parts that the departure was, 


will de the difference of longitude 210 miles, 
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To find the Departure. 
As radius — — 90? ro, ooooo 
Is to the difference of longitude 210 << 2, $2222 
So is co-ſine latitude — 49% 30 081254 


12,13476 


10, ooo 


To the diſtance or departure I _ 2513476 


— — 
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By G U N ＋ E R. 
he extent from radius to fine com. latitude 40 20' on the line 
of ſines, will reach from the difference of longitude 210 to the diſ- 

tance 1 4.0 on the line of numbers.“ | 


By INSPECTION. 

Find the fine com. of the latitude. aniong the degrees, and in 
the diſtance column the difference of longitude, oppofite to which, 
bo in the column of departure, is the diſtance 1 but as the 
Cor latitude is 40? 30' therefore, | 
— For 40 degrees you will find — „ 

For 41 degrees _ will find — $9” 


The ſum is | ng - — 272,7 op 


; 80 ; 
. — * — * = 


Half is the diſtance required 1 89 136,3 


This is done becauſe the table of Aires of latitude and 2 8 | 
ture is calculated only for ſingle degrees. 

By the reverſe of the laſt problem, having the diſtance run in any 
parallel to find the difference of longitude. ; 

: Suppoſe a ſhip in latitude 49?.30'N. or 8. ſails directly E. or W. 
136,4 miles, and her difference of longitude be ORs! ? 


As co- ſine of latitude 499 90 9581254 


Is to the diſtance „I, 213481 
So is radius e, — 8 10,00000 


8 e 1213481 
„ 25 


To the difference of longitude 210 2532227 
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33 By INSPECTION. I'S 
Look for the complement of the latitude among the degrees as if 
it was a courſe, and the departure in its column; right againſt which 
ſtands the difference of longitude in the diſtance column. In the 


laſt Problem the ſhip is ſuppoſed to have ſailed due eaſt or weft, in 


the ſame parallel of latitude, but in her courſe ſhe generally eroſſes 
ſeveral meridians and parallels, and then arrives at a different latitude 


| from that ſhe left; and, as it is plain by the foregoing table, that the 


miles which make a degree in one parallel, will not be the ſame as 
thoſe that make a degree in any other parallel, lying on the ſame ſide 
of the equator ;z therefore add both latitudes together, and take half 
their ſum for a mean or middle latitude; which may be conceived as 
if the ſhip had failed in one latitude; with which the difference > 
longitude may be turned into departure, and departure into difference 
of longitude, in the ſame manner as has been already ſhewn, for it 
will be = | | 

As radius J C As the co-ſine of the middle lat. 
Is to the difference of longitude, z Is to the departure, EE 
So is the co- ſine of the middle lat. ] So is radius | > 

To the departure. 3 To the difference of longitude. 
Having the difference of latitude and departure, the courſe and 


diſtance are found by Caſe the Sixth, in Plain Sailing. 


| C AS E I. - F 
Required the bearing and diſtance between the Lizard, in latitude 
49* 57 N. longitude 5? 14 W. and the iſland of St. Mary, one of 
the Weſtern iſlands, in latitude 37“ N. and longitude 255 W. 
Lizard's lat? 49* 577N. _ 49* 57 Long. 5 14 W. 
St. Mary's lat. 37 co NM. 37 00 Long. 25 W. 


ER] 


12 57 Sum 2)86 57 > „ 
60 60 25 


d. lat. 4% 8 — 
Diff. in miles 777 9 c 110 diff long 
| Cocmid. lat. 46 32 F 


By PROJECTION rt, 
: 55 . Lizard OS 155 
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8 MI DDTLE LATITUDE SAILING. 


Draw the meridian AE, with the chord of 60 deſcribe the arch 


PS; upon which ſer off 469 32, the complement of middle latitude, 
from Q to 8; through 8 draw the line AC=1192, the difference 
of longitude ; let fall the perpendicular CE, which will be the de- 


parture 865 ; upon AE ſet off AD 777, the difference of latitude ; 


and upon D erect the perpendicular DG, and upon it ſet off the 
departure 865; join G and A, and it is done; for GA will be the 


diſtance 1168 miles, and the angle GA the courſe S. 48? 4' W. 


. 
— 


The CALCULATION. 


I.ᷣ0o find the Departure. | To find the Courſe, 

As radius go . 10.0ccoolAs diff, of lat. 777 2.89042 

Is to diff. of long. 1192 3.07628 ls to radius go | 10.00000 

So is Co-fine mid, lat. 43528“ 9.86080;50 is departure 865, 2.93708 
12.937080 5 12.933708 
. . 2. 89042 


To the departure 865, 1 2.93708 To tang. of cou. 48 %% 10. 04666 


„ . 2l | Norg. The courſe may be found 
To find the Diſtance. without the departure, by Middle 
| | 15 Latitude Sailing, thus: _ 


As radius |  10.co0co/As the diff. of lat. 777 2.89042 
Is to the diff. of lat. 777 2.89042 ls tothe diff. long. 1192 3.07628 


on the line of numbers. 


/ 


So is ſec. of cou. 489 4 


CC —— 


10.17505;So is co-fi. mid, lat. 4.39 28' 9.86080 


13:06547] -, 12.93708 

10.00000| | 2.89042 

To the diſtance 1163 3.06 547 To tang. of cou. 489 4 10. 04666 
J) GUWTT RR, SE 


iſt. © The extent from 46 32, the complement of the middle 
latitude, to radius, on the line of fines, will reach from 1192 to 865 


2dly. The extent from radius or 90 to 41? 500 the complement 
of the courſe on the line of ſines, wiil reach from 777 to 1163 on 
the line of numbers. | 


zdly. The extent from 777 to 8655, on the line of numbers, 


will reach from 459 to 48, 4 on the line of tangents,” 


=} 


| By INSPECTION. | - 20 
Look for the complement of middle latitude, as if it was a courſe 
in Plane Sailing, and difference of longitude jn the diſtance column; 
oppolite to which ſtands the departure in its column. Having the 


difference of latitude and departure, the courſe and diſtance are found 


as in Caſe VI. in Plane Sailing. | 


Thus, taking z of the difference of longitude 1192=298, and 
as the complement of the middle latitude is 469 32; or nearly 46 , 


1 look 


„„ tu. 10S I. dans 


] look over 46 and 47, and againſt the diſtance ſtands 214,4 and 


tiplied by 4 gives 1164 miles: hence the courſe is S. 48 W.; and 


30 20 N.; I demand the courſe, diſtance, and longitude ſhe is in? 


YG Latitudeim 39 2 N. Latitude in 39 20N, 


In miley — 637 


the meridian AD, through where that cuts the arch draw the line AE 


= 


MIDDLE LATITUDE SAILING, * 


218 in the departure columns; which add d together, gives 432,4 
half is 216,2; this multiplied by 4 gives 864,8, the depai ture. | 
Again, taking + the difference of latitude, and Z of the departure 
104, 2 and 216,2; the neareſt number to theſe ſtanding together are 
216,2 and 194, over 48 and againſt the diſtance 291; this mul- 


4 


diſtance 1164. 
CASE I 
Noth Latitudes and Departure from the Meridian given, to find the 
Courſe and Diſtance, and Difference of Longitude. © 

A ſhip in latitude 49% 57' N. and longitude 5 24' W. fails ſouth 
welterly, till her departure is 789 miles, and ſhe be in latitude 


1 


Latitude left 49 5% N.] Latitude left 49 FN. 
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Comp. of mid. lat. 46 32 
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1 By FPROFECTIIEN. —— 

Draw the meridian A D, from A to D ſet off the difference of 
latitude 637 miles, and on D erect the perpendicular DG, which make 4 
equal to the departure 789 miles. Draw the line AG, and that will: 
be the diſtance 1014 miles, and the angle DAG the courſe 519 5, 

Again, draw EK parallel to Aj, making the diſtance from AD: 
equal to the departure DG 789, on A deſcribe an arch; take the 
complement of the midale latitude 45 22 in your compaſſes from 
the line of chords, and ſet that off on the arch on the oppoſite fide of 


* - 


to cut the line KE in E, from E let fall the perpendicular EB, and 
it is done; for AE will be the difference of longitude 1109 "a 21 
CD 27 5 . 
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MIDDLE LATITUDE SAILI NG, 


By CALCULATION. 


| To find 5 Courſe it will be, | To find the Diſtance it will . 
As the diff. of lat. 637 2.80414 As the fine courſe 519 5“ 9 89107 
Is to radius go? t0.0c000)is to the departure 7 89 2.89708 
So isdeparture 79 2.89708 So is radius go? 10. οοοο 
12. 89708 12.8008 | 
2. 80414 9.89101 
To tang. courſe pie 5 10.9294 To the diſtance 1014 . 3.00607 
To find the Difference of Longitude 1 it will be, : 
As co-fine middle latitude — 44% 3# 9.85227 
Is to departure — 28 789 2.89708 
S0 is radius — „„ 0 10. o 
12.898 
9.8 5225 
To difference of longitude 8 1109 3.04483 2 
Longitude the ſhip ſailed fromm 8 24 W. 
Dif. Long. 1109 miles, « * 18 29 W. 
| Longitnde in — — 3 W., 


By GUN TER. 


1fl. © The extent from the difference of latitude 637 to the depar- 
ture 789 on the line of numbers, will reach from radius, or 45? 


backward to 519 5 the courſe on the line of tangents. 


adly. The extent from 519 5 to radius or go? on the line of ſines, 
will reach from the departure 789, to the diſtance 1014 on the line of 


numbers.“ 


3dly. © The exterit from the e of middle latitude, 4522 
to radius or 9 on the line of fines, will reach from the departure 
789, to the wt Lodi of jongitude 1 109 on the line of numbers. 


5 By INSPECTION. os 
Roe. With, the difference of latitude and departure, find the 


. Bourſe and diſtance, as in Ca.e VI, in Plane Sailing. 


2dly. Taking the complement of middle latitude as a courſe and 
the departure in its column,” and the diſtance correſponding to theſe, 
will be the difference of longitude =» 

Thus, taking a tenth of the difference of latitude 637 and depar- 
ture 789, that is, 62,7 and 78,9, the neareſt numbers to theſe are 
63,6 and 78,5 ſtanding together over 51%, againſt the diſtance I 01, 
which multiplied by to gives 1010 whence the courſe by inſpec- 
tion is 8 51* W. and the diſtance 1010. | 

Taking 


LY e 


MIDDLE LATITUDE SAILINCOC. mY 85 


Taking 459 22 or 45? as a coufſe, and a tenth of the departure 

78,9 in its column, the neareſt is 78,5, in the diſtance column ſtands 
11 i, which multiplied by 10 gives I110 for the difference of longi- 
tude nearly, as before. ny | | 


CASE UL 


One Latitude, Courſe -and Diſtance given, to find the Difference of 


* 


f Latitude and Difference of Longitude. 
A ſhip in latitude 42 30/ N. and longitude 18? 31 W. fails S. Es 


by 8. 59 1 miles, or 197 leagues ; I demand the latitude and longi- 


7 


tude the ſhip is in? 


** 


* 


1 


2 4. 8 8 
r.... ene 2 „„. J 
* - 9 
- . 


15 By PROJECTION. 
With the courſe and diſtance, find the difference of latitude and 
departure, as in Caſe I. in Plane Sailing, viz. Draw the meridian 


Ab, and on A deſcribe an arch with the chord of 60, and upon it 
ſet off the courſe S. E. by S. or 3 points, through where that cuts 
the arch draw the line AC; making it equal to the diſtance 591, 
from C let fall the perpendicular CD; then will CD be the depar- _ 


ture, and AD the difference of latitude 49 i miles. 
Draw the line E F parallel to AD, making the diſtance ſrom it 
equal to the departure. £7 Oh - + 


Take the complement of middle latitude $19 36' from the line of 


chords in your compaſſes, and ſet it off on the arch on the other 
ſide of the,meridian AD, and through where that cuts the arch draw 
the line AB to cut the line EF in B, from B let fall the perpendicu- 
lar . and it is done; for AB will be the difference of longitude, 
419 miles. | „„ 3 | 


* 


Latitude left 42 30 N. Middle latitude 38 24 
Difference of latitade 8 11 S. Com. middle latitude 51 36 

Latitude in | 34 19 N. Longitude left 189 31 W. 
Latitude left 42 30 Difference of longitude - 6 59 E. 


Sum 76 49 [Longitude 8 


86 MIDDLE LATITUDE SAILING. 


From what has been faid, it will be 267 to conſtruct any of the 


following caſes, as they are conſtructed the ſame as in Plane Sailing: 


only obſerving, that to find the diff -rence of longitude you muſt take 
the complement of middle latitude as a courſe in E lane Sailing, with 


this courſe and the departure find the een and that will be the 


- difference of longitude. 


| To find the fame by CALCUI, ATION. 


To find the Difference of Latitude, | Io find the . | 
As radius 9 10.00000] As radius 0 10. ooooo 
Is to the diſtance 591 2.771 59fls to the diſtance 591 2.77159 
1 So 1s co-fine courſe 3 3 Pts. 9. ia] 80. 1s fine courle 3 Pons | 9.74474 
5 5 12.69 14% . „ 
| 10.0000c _ „ 10.00000 


Jo the diff. of lat. 491,4 2.69144 To the departure 328,3 2.51633 
J 0 find the Difference of Longitude, 
Without the Departure i it will be, | With the 8 it will be, 


As co-fi. mid. lat. 38 24 9.8941 f As co-ſine mid. lat. 389 24, 9.89415 


Is to ſine courſe 3 pts. 9.74474ʃ0]Ts to the departure 328,3 2.51627 
So is diſtance 591 FE. 2.77159]|S0 is radius ys”  * 10.00000 
| 12.51633 | | 1212.51627 

- 9.99415 3 4 9.89415 


To diff. of long, 419 : SR pf long. nog gow 
og left 18 37 55 


Wbenee the wh was is in lat. 4 19 N. and long. 17 32 W. 


: Tue extent from radius or 8 points to the complement of 
the courſe, 5 points on the line marked S. R. will reach from the 


diſtance 591 to 491 the difference of latitude on the line of numbers.“ 


Adly. The extent from radius or 8 points to the courſe, 3 points 
on the line S. R. will reach from the diſtance 591 to the departure 
328 on the line of numbers.“ 

30ly. © The extent from the fine coma middle latitude 
517 36“ to radius or go” on the line of fines, will reach from the 
departure 328 to the difference of. longitude 419 on the line 00 
numbers.“ 


By 


if 
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id INSPECTION 

> RuLE.—With the courſe and diſtance find.the difference of | la- 5 
titude and departure, as in Caſe I. in Plane Sailing. | 
z 2dly. Take the complement of middle latitude as a courſe and the 


departure in its column, and againſt it in the diſtance column Rands 
the difference of longitude. IT hs 1 | 
Thus, under the courſe 3 points, and againſt a tenth of the diſ- 
tance 591 =59, ſtand 49,1 and 32,8 ; theſe multiplied by 10 give 
401 for the difference of latitude, and 328 for the departure. | 


, Now, taking the complement middle Jatitude 51 36' or 51 as 

J a courſe, and a tenth of the departure 328 = 32,8 in its column, (the 

F neareſt is 32,6), againſt which ſtands 42 in the diſtance column; 

x this multiplied by 10 gives 420 the difference of longitude nearly, 

4 as before, % | 85 e 

5 If the foregoing directions be well underſtood, the learner will 

; not find it difficult to work the following cales in Middle Latitude 
Sailing. 55 | 

EM EW 

6. Courſe and Difference of Latitude given, to find the Departure, Diflance; 

7 . "and Difference of Longitude.:. ss. 

0 e 85 2 25 a 

7 

1 Suppoſe a ſhip failing from the Lizard, makes when the variation, 5 

- lee-way, &c. are allowed for, her courſe S. 39% W. or S. W. by S. © 


x half wefterly, and then by obſervation is in latitude 45 31'N. ;- 
We What is her diſtance run, and longitude in? | 5 


s | | GY 
e Latitude of the Lizard - 49% 5) N.:! 40 5% N. 
10 N * * 45 31 N. P a 
Of W Difference of latitude 4 26 Sum of latitudes 95 28 
60 1 Middle lat. 47 44 
la mies — 2866 Co- middle Jatitude 42 16 ; 


By 


As co. ſine courſe 39? 
Is to the diff. of lat. 266 


So is the ſine courſe 39? 
To the departure 215,4 ; 


Soi is radius go? 


— 


"To find the Departure i it will be, 


MIDDLE 4 SAILING, 


By CALCUBATION. 


9.89050 
2.42488 
9.79887 


12.22375| 


9.890 5c 


2.33335 


To find the Diff. of Longitude. | 
As co- ſi. of mid lat. 477 44 9.82775 
Is to the departure 215, 4 233325 


Io. ©COOO 


L 


| 


Jo find the Diſtance i it will be, 
As the co-fi. courſe 3 .89050 
Is to diff. of lat. 266 * 20 
So is radius 900 _ 10,00000 
12.42488 
| | 9. 89050 
To the diſtance 34243 2.53438 
To find the Longitude i in. 


Lizard's longitude 5 14 W. 
Diff. of lon. 320 er 5 20 W. 


Te 


—— [Longitude in 10 34 W. 
12.333255 | : 
9.82775 


On 


i To the diff. of long. 320, 3 2.50550 


** 


CASE V., 


— 


1 Buth "IP and D; gener given, to find the can, * 22 5 
| Long itude. 


e 2 tip runs 300 miles. N. i Gor port in Ny N. 
latitude, and longitude 10? 25' W. until ſhe be in and 9285 N. 3 
what! is her courſe and longitude in? | 5 

Luatitude left 37 e — oN. 
Latitude in 41 00 N. — 2 . 


I 0 a. Sum of latitude 78 00 


—— IOY 


Middle latitude 39 o 


8 2 — = 8 
In miles *\Co-middle4ar, 31 00- 


4 * * 2 
« a * © 4 
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Mbp R LATITUDE SAILING, 989 


Es By CALCULATION. | 
To find the Courſe it will be, To find the Diff. ala it will be, 


As the q iſtance 300 2.4% 120As co-fine mid, lat. 39% 9.89090 
Js to radius go? 10.00000{Is to tang. courſe 36. 52 9.8750 
So is diff. lat. 240 2.3802 1080 is Ai. of lat. 240 _  2.380zt 
N 12.380210 5: tar "——_ | 
2 2.47712 9. 89080 
To the co-ſine cou. 365 5 52' 9.90309/To Bf. 4 bes: 237 6. 3647 
Longitude left — 10 25 ITY 
Difference of Lenne? 15 3 82 W. 
8 Longitude i in : A „ 14 17 W. ; 
c AS E vi. ; 


One Zain Courſe, and} Departure given, to find the Di ifance, 
5 Difference of Latitude, and Sa Laban, of Longitude, 


of A ſhip fails E. S. E. from a certain port in latitude 505 1008. 
and 1 10 16 Eaſt. until her departure from the meridian be 
957 miles; I demand her diſtance failed, and g Jajitude a and Tongi- | 


* 


tude thei 18 int 5 „ ; ; 1 2 : Sk 1 
| 8 : 1 22 4 bh 3 ; 
5 N : «> 3s N 1 
. 0 . | 3 
h ws 2 e * 8 . . 2 8 155 
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V e 
To find is Dir of Lat. it will be, „ 
N. As ſine courſe 6 pts. 9.95552 5 „„ : : | 
N. Ws to the departure 67  2.98091|Latitude left = 50 1078. 


o is co-ſine courſe pts. 9 58284 Diff. of lat. 396, of 6 368. 


A  12.-560375 [Latitude in "Wo. ; 56 46 8. | 
Sts, | 9: 96562 . 1 3 
: 1 „5 . N — - : 1 I —_ 
Fro the diff. of tat. 396, 2.5981 1! 88 
; | 4 1 $ M . Wt 5 55 6 


90 
To find the Diſtance it will be, 


f 


A ſhip in latitude 49® 30 N. and longitude 1440 W. fails ſouth 
eaſtward 645 miles, until her departure from the meridian be 500 
cered, and the latitude and longitude 


miles: I demaad the courſe ſt 
the ſhip. is in ? 


MIDDLE LATITUDE SAILING, 


CASE VII. 


One Lati tude, Diftance failed, and Departure from the Meridian g iven, 6 
Find the Courſe, Difference of Latitude, and Difference of Longitude. 


As fine courſe 6 pts. 03-94 OUS lefe „ 108. 
Is to the departure 957 2.9809 10Latitude in .- $6 468. 
So ĩs radius | 10.000C0 = —  : 
um is 2)ic6 56 
5 12 98091 | — — 
9.96552 Mid. lat. 53 28 
| To the diftance 1036 1 3.01529|Co-mid, lat. 36 * 

To find the Diff. of Long. it will be, Long. left 15 | 102 167E. 
As co. ſi. mid. lat. 53% 28 9.774730 Diff. of long. 1608, or 26 48 E. . 
' Is to the Departure 957 RR | — 80 
So is radios 10. oooοο“Lngitude in 37 4 K. | 
12.98091| | 

9.77472 ä 
FT 5 #54 5408 - Te 
To the me. diff. of long.1608 3.20618} 


þ 
s a 
A 


I To ſine courſe 50 50 


on Br the 1 

"ey 95 equa 

& 1 globe 

| . the d 

8 85 ih the {i 

4 — — — — $ 6s *. GEN EB TI 

5 | ' Departure | 1 ö to th. 
Io find the Courſe it will be, To find the Diff. of Lat. it will be. ¶ co · ſii 
As the diſtance 64 2.80956, As radius 10. ooo draw; 
Is to the radius gg 29-0000 Is to the diſtance 945 2. Sog titude 
So is the departure 500” 2.69897 S0 is co- ſine cou. 50a 5o' g.8c04 mh 

— a 85 8 . 5 — the % 
12.698970 12. Go 9e elves 

2. 80956 | lo. ooo means 

9.8894 1 To the dif. of lat. 40,3 oy 
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MERCATon's SAILING, | 1 785 ” 91 I | 
Lat. left is 7 40 39'/N.jLatitude left RE 49® Lied # 
Lenden „ eee 92 13 1 
5 IMiddle latitude | 46 6 5 
| Co-middle latitude 43 | 54 x | 
To find the Diff. of Long. itwill be7 5 + i 
As co-ſine mid. lat. 462 6' 9. 84098 Lon gitude left is 14% 4o'W, il 
Is to the departure 50 2.6989) Diff. of long. 721, or 12 1 E. 1 
So is radius f : 10.00000C | 1 | 
R Loszitude in: 5 ng. * 
9.84098 
N 


To the diff. long. 721.1 2.85790 


* . 


tf „ | AE 


MERCATOR's SAILING. 


* 


LANE SAILING, as has been before obſerved, ſuppoſes the c 
earth and ſea to be in the form of a bowling green, on Wwhick 
the meridians are parallel, and the degrees of Jatitude and longitude 
equal in all places; but the earth and ſea compoſe a round body, or 
globe, on which the degrees of latitude are equal in all places, and 
the degrees of longitude decreaſe from the equator in proportion to 
the fine complements of the latitudes, „5 x 7 
Though the meridians all meet at the poles, and the parallelss 1 
to the equator continually decreaſe, and that in ſproportion to the - Ml 
co · ſines of their latitudes; yet in old ſea- charts tlie meridians were 1 
drawn parallel to each other, and, conſequently, the parallels of la- 
titude made equal to the equator, and ſo a degree of longitude on any 
parallel, as large as a degree on the equator: alſo, in theſe charts, 
the degrees of latitude were ſtill repreſented (as they are in them- 
ſelves) equal to each other, and to thoſe of the equator ;z by theſe 
means the degrees of longitude being increaſed beyond their juſt 
proportion, and the more fo the nearer they approached the poles, the 
5 | 1 2 * 


— 


» 
* 1 1 
. 83 


92 . MERCATOR'S SAILING. 


| degrbes of latituſle at the ſame time remainmg the fame; it is evident 
places muſt be very erroneouſly marked down upon thoſe charts, 
with reſpect to their latitude and longitude, and, conſequently, their 
bearings from one another muſt be very falſe. 

To remedy this inconvenience, ſo as ſtill to keep the meridians 


parallel, it is plain we muſt protract or lengthen the degrees of la- 
titude in the ſame proportion as thoſe of longitude are, that ſo the 


oportion in eaſting or weſting may be the ſame with that of north- 
ing or ſouthing; and, conſequently, the bearing of places ſrom each 
other to be the ſame upon the chart as upon the globe itſelf. 

The difficulty in conſtructing a true ſea- chart conſiſts in finding 
a proper manner of applying the ſurface of a globe to a plane; which, 


Mr. WRI CET, an Epglilhman, by an ingenious conception, hap- 


| pily accompliſhed. 
te conceived the ſurface of this globe to ſwell like a bladder while 


it is blowing up from the equator towards the poles, proportionally 


in latitude as it does in longitude, until every part of its ſurface meet 
that of a concave cylinder impreſſed on it, whoſe diameter was equal 
to the globe's diameter. I he equator being thus confined, the parts 
towards the poles muſt be extended, both in latitude and longitude, 
to fill up the cylinder, or figure, in the form of a rolling ſtone, and 
impreſs on its concave ſurface the lines drawn on the ſurface of the 
globe. This cylinder being cut on one of the meridians, from north 
to ſouth, and Jaid open, would repreſent a true ſea- chart, the parts of 
Which bear the ſame proportion to one another as the correſponding 


parts of the globe do, and on which all the lines will be rightlines; 


having every parallel of latitude on the globe increaſed till it is 
equal] to the equator; and fo the diſtance of the meridians in theſe 
parallcls will become equal to their diſtance at the equators; conſe- 
K the meridians on the chart are expreſſed by er right 

ines. | 
Alſo the meridians being lengthened as the parallels are increaſed, 
every degree of latitude js lengthened in the ſame proportion as the 
degrees of longitude are increafed; therefore, the diſtance of the pa- 


_ Fallels of Jatitude grow wider and wider as they approach the poles. 


Mr. GezRarD MERCATOR, a Fleming, in 1556, publiſhed a 
ſimilar chart; but in what manner it was conſtructed he did not 
ſhow ; neither were thoſe degrees in their true proportion; ; whence 
called Mercator's Charts. 

Mr. W RIGHT, in 1599, publiſhed the Principles of the True 
Sea-Chart, and how to conſtruct it on the following principles; Viz. 

That the diſtance between any two meridians at the equator is in 
proportion to their diſtance in any parallel of Jatitude, as the radius 
is to the co-fine of that latitude: 


That any part of a paralleb of Jatitude is to a like part of the me- 


r as the radius is to the ſecant of that N 


And, 


ques bas 6 


in 


37 


dic 
co 
Ve 
34 
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. chat the diſtance of any parallel of latitude "RET the equator. 
is equal to the ſum of the ſecants of all the arches between the EQUA» 
tor and that parallel. 

Erom theſe principles, Mr. Wright ſet 4 forming a table, 
by the continual additions of ſecants, of all the parallels of latitude, 
Wan with one minute, which he made radius, and thereta 
adding the ſecond parallel ef 2 minutes, and to the ſum of theſe 
two, the ſecant of 3 minutes, &c. The table thus formed, is. 
that which is commonly called the Table of Meridional Parts, {fee 
Table I.) by means of waich a true nautical chart may be con- 

| ſtructed, called Mercator's Chart, and all the Caſes in WRIChr's, 
commonly called Mercatar's Sailing, conſtructed and calculated. 

As this table contains the meridional parts for every degree and 
minute of the quadrant, from the equator to the poles, it will be 
eaſy to find the meridional parts correſponding to . parallel of 

y latitude, as for example: 
t Required the meridional panes correſponding to the latitude | 


1M 37 45? 
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- 1 
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r 
my 


ts Lookin the top of the table for 33, marked 33d, and in the right 

A ar left-hand columns, marked (M), under the degrees 33, and op- 

d poſite the minutes 45 ſtands 21 83, the meridional parts belonging to = 
* 


3 
th 2 the given latitudes are both north or both ſouth, the monks? | 
of dional difference of latitude is found by fubtracting the 'meridioual | 
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18 parts of the leſſer latitude ſrom thoſe of the greater. = 
3 Required the meridional difference of latitude between the Lizard, 7 
: ö 
is in latitude 49” N. and the Ifland of St, Mary” 5, in lain WO 
fe 22*NY! 3 
[2 at The Lizard's latitude 492 57 N. meridional parts 3470 _ 
ht : St. * 8 latitude 37.00 N. meridional parts 2 1 

d, Meridional Ackerence of Jaticute 1077 

he | When thelatimades are one north, and the other ſouth, the meri- 

ae dional difference of latitude is found, by adding the meridional parts 
— correſponding to both the latitudes together. | 
OY Required the meridional Cifference of latitude be Cape 


zot Verd, in 1 14” 46 N aud the Cape of Good e in latitude 
ice 3+ 29 8.? | 
Cape Verd's latitude 14 46' N. meridional parts 896 


rue Cape of Good tous: 34 24 8. meridional parts 2207 

IZ. | — 

10 Fe Meridional difference of latitude 3103 

ius 
The ſeveral caſes in Mercator's Sailing are worked by geometry, 

1e- WM trigonometry,  Gunter's Scale, and the tables of difference of la- 
4 titude and departure, exactly | in the tame manner as thoſe in Plane | 

no, | 5 verge | 
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bb - 
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1 


difference of latitude; 
the ſame proportion to the departure, that the meridional difference 


MO the diſtance, and the angle TMH, or IMO, 


If Fo the difference of longitude ; 


Is to radius, a 


Io the taggent of the courſe ; 


+ . 


MERCATOR 's SAILING; | | 


Sailing, by only conſidering the meridional differen of Walde, 
as if it was the proper difference of latitude, and the difference of 


longitude as the departure: for it is no more than enlarging the 
Proper difference of latitude, ſo as to be equal to the meridional 
then will the difference of longitude bear 


of latitude does to the proper difference; for, in the following bgure, 
(which is the firſt caſe in Mercator's Sailing) : : 

Let MT repreſent the meridional and M the proper difference 
of latitude, TH the difference of longitude, IO the departure, 
the courſe; 


then will MI be in N to IO, as MT i is to TH; and the 


p contrary. 


Wherefore, as the proper rence of Jatitude i is to the depar- 


ture, ſo is the meridional difference of latitude to the difference of 


longitude ; and, 
As the meridional difference of Jatitude is to the difference of 
longitude, ſo is the proper difference of latitude to the departure, 
Since by lengthening or ſhortening the ſides of a triangle does 


not alter the angles, the departure may be reduced into difference 


of longitude, and difference of longitude into departure. | 
In all the Cafes (fave the firſt) in Mercator's Sailing, the courfe, 


diſtance, difference of latitude and departure, are found in the 
fame manner as thoſe in Plane Sailing; and then the difference of 
longitude may be found by either of the following proportions, VIZ. 


(ke the oppoſite figure.) 


By making theenlarged. Diſtance By ing 8 Difference 


MH radius, it will be, of Latitude MT radius, it will be, 


As the co fine of the courſe | As radius 
Is to the merid. diff. of latitude 52 * to the merid diene of latitude 
So is the ſine of the courſe 


So is the tangent of the courſe 
To the difference of longitude, 


© | But in the Firſt Caſe, it will be, 
As the FIT diff, of latitude MT As radius 


Is to the proper diff. of lat. MI 
So is the ſecant of the courſe 


To the diſtance MO. 


So is the diff. of de TH. "Eb 


Or; when the courſe is found, you may ſay, As the co-ſine of 
the courſe is to the proper difference of latitude, ſo is radius to the 


CASE 


yy ow py — 
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E LY 


he 


\SE 


tude 49 57, longitude 55 14 W. and the Ifland of St. Mary, s, one 


"Bt, Mary's 37 ON. meridional parts 2393 long. 25 6. W. 


miles. 


Is to radius 90 "- 10.00000jIs to proper diff. lat. 77 2. 89042 2 
So is diff. o N I 195 3.0762 8080 is ſec, of courfs 479 54 10-17 365 * 
13.07628 We x $45. 5 5 135 064 8 I 
. ee RY W 10. o : 
| To tang, of cou, 47® 5 e To the diſtance 11 0 A 


ee . #2 95 
ON „„ CASE L 


The Latitides and Longiendic of two . given to frd the mY 
Que and Diſtance between them. 


Required the bearing and diſtance between the Lizard, in lati- 


of the Weſtern Iftands, in latitude 37 N. and long. 250 5 W. 
Lizard's lat. 49% 57/ N. meridional parts 3470 long. 514 W. 


— — —— 
Es of lat. 12 57 777 Diff. 1077 Dif, 19 agi, | 
” | * * 1 * : 
+" 14 % i 
By PROJECTION. EY 
1 Lizard LET 
eee 
5 My 
. e ä 9 82 © "36 ; 
Nr oe a 
, . h 8 a "” % "ay ha 2 
, | ”> + 5 "as + — 5 * - * : 
> g 5 PR - *3 i ; + * 1 , * j 7 A 
: ; * E : % „ee e 85 — 
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, 4 , x 1 . i of if + 
5 a ; f by # AL 
” 4 8 2 _ bu y ww. 1 
So: __ 
3 ; a 5 4 "> Pit 0 Ly 
ns - fa, 5 By 33 1 4 
H _ + — 53 . — 2 25 
N 9 
* 8 I N LI 
: 1 


Draw the 1 of MF =1077, the Mentdional Agerence c, e 


latitude, and M1 , the proper difference of latitude, per- A * 


pendicular to MT; draw TH and I O, make TH 1192 miles, 
the difference of longitude," Join Hand M; then will the 125 
TMH be the courſe S. 47 54 W. and © M 128 diſtance 559 


To find the Cour ſe, it will be, | To find the Diſtance, 4 will be, . 1 1 
As mer. diff. of, lat. 1077 3.03222 As: rad ms go9 5 5 10, 00000” 7 = 48 


" By CAL CUPATION. 5 — 


86 | MERCATOR'S SAILING. 

„ ‚NN TER. 5 
oft. © Extend from the meridional difference of latitude 1077, ft 
difference of longitude 1192, that extent wiil reach from. radius, 


or 452, to the courſe 47 54 on the line of tangents. Tz IO 
2d. Extend from radius, or 90 to the complement of the 80 
courſe 429 6' on the line of fines, that extent will reach from 777 
to 1159 on the line of numbers.” . 
1 ri, ,- 
x. Look for the meridional difference of latitude and difference re 
of Jongitude, until they are found ſtanding together in their re- 
ſpective columns (as if they were latitude and departure); and the As 
courſe will be ſound among the degrees or points. . Is t 
In the latitude column belonging to this courſe, find the proper 0 
difference of latitude, oppoſite to which ſtands the diſtance in its 
column, EE EE LS - 
2d. Now ys of the meridional difference of latitude and the 7, 
difference of longitude are 107,7, and 119,2 the neareit numbers T0 
in the tables are 107,7 and 110, 6 ſtanding together over 487. | 
WE. In the latitude column I look for 2, the proper difference of la- 
HE titude, which is 77,7, the neareſt is 7;,6, againſt this ſtands 116 in 
WE __ the diftance column, which multiplied by 10 gives 1160 nearly, the | 
LE fame as that found by calculation. 8 
Both Latitude and the Departure from the Meridian given, to find the 1. 
Curſe, Diſtance, and Difference of Longitude, _ num 
A ſhipin lat. 49? 57 N. and long. 5*14' W. fails S. weſtward, the! 
until her depart. from the meridian be 789 miles, and then by obſer- 20 
1 vation is in the lat. 39% 20 N. required her courſe ſteered, diſtance of fir 
run, and longitude in? 7 1 = line 
t. left 497 57 Merid. parts 3470 _ 


Lat. in 39 20 Merid. parts 2571 


Diff. of lat, 10 37637 miles Dit. 899 


2 
* 


— 


| BE | \ 
Dit. lat. 637. > 


"Tl 2 X Long. 
| 2 PROFECTION, | 
With the proper difference of lat. and departure, project the 
fame as in Caſe VI. in Plane Sailing; extend the meridian A E to 
B, and make AB equal to the meridional diff. of lat, and draw a 
line parallel to the departure D E; produce the diſtance A D to cut 
this parallel; and C B will be the difference of longitude, Hence 
theangle BAC will be the courſe, S. 50? 5' W. D A the diftance 
1014, and B C the difference of longitude 1114 miles. . = 

| | 3 „ 0 


8 — — 
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— , . y —— gry ——_ - _ — — 
9 — CI 8 2 
. - — — Xx 3 . — ras — 0m hn. 
= — — — + as — 2 — ee ron - — 
— _ — — — - - a Wn —_—_— — 
— — — — ſo . — — — 
— — rag eg = wor gn" 9m = — — gmaretiregerpaggo= pg —— —— — - 
— N F 2 < % 9 N 9 * 4 8 8 
C4 . * 2 w v * 18 Y n ; "Az" l 
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To find the fame by CALCULATION. 


As the p. diff. of lat. 637 2.804 4 \s edi . 0 
Is to radius 90? 10.00009[ls to the diff, of lat. 637 2.80414 
| So is the e 789 2.890 f So is ſee. courſe 5105 10.2019 
8 13. of 
2.804144 r $452” Seo 
To tang. courſe 519 5 = 10.09294 To the diſtance 1014 3.000 
| As antics go? | 10,00000 Longitude left $* 14 W. 
Is to mer. diff. lat. 890 2.953760 Diff. of long. 1114 = 1 34 W. 5 
- do is tang. courſe Slog 10.09292 | 
: —— Longitude i „ 23 48W. 
13.046680 
| 10.00000] Her . is 8. 51 5 W. and 
5 ones 5 ——ſdiftance 1014 miles. 
lo diff. of long. 1114 3.04668] Norg. Ihe diff. of long. may be 
| 5 | [found by ſaying, As prop. diff. of 
- | lat.: dep, : ; merid, diff, of ler. : 28 ä 
1 ſof longs | 
55 


By G UNTER. 


iſt, The extent from diff. lat. 637, to dep. 780, on the line of 
numbers, will reach from radius, or 4⁵³ 10 8 Sy the courſe on 
the line of tangents.” ' | 

2dly. © The extent from radius to com, courſe 38® 55, on the lige 
of ſines, will reach from diff. lat. 6375 to Ys the diſtance of * 42 Þ 
line of numbers.“ 8 
. Zdly. The extent from co court 38* 55 to "ine courſe 51* 5 on 
the line of ff ines, will reach from merid. diff, lat. 899, to 1114 the 
diftergnce of longitude on the line of numbers.” 


= 


By INSPECTION. 
The diff. of. lat. and dep. being found together in their reſpectire 


columns will give the courſe among the degrees or points, and the 
dift. in its column: in the lat. column belonging to the courſe, look 
for the meridional diff, of lat. and againſt it will ſtand the difference i 
of long. in the departure column. | 

hs Now z of diff. of latitude and of dep. are 10661 2 131, 5 the 


en. at. Ug/e 


to neareſt numbers to theſe arg 106, 4 and 131, 3, ſtanding together over vs 

261 the courſe, and again diſt, 169; this multiplied by 6, gives 

ut 1014 the diſtance. | 

5 Again, over 51 look for Ar of merid. ick of lat. 89,9 i in the lat. 

ce column, the neareſt is 90®, and againſt which ſtand 111,1 in the depp. 
Aa, ; wis multiplied by 10 > gives 1111 fer 5 diff. of longitude. Es 

To 


787 -- 57 8a 


98 is Sh ds | 
CASE III. 


Both Latitudes and 98 given, to find the D 2 and Difference of | 
Longitude, . - 


8 ſhip from the . makes her courſe S. 30 W. and then by 
obſervation is in latitude 45 31 N.; 35 e her diſtance run, and 
longitude 1 in? 


Lat. of the Lizard 49957 N. Mer. 8 3470 
Lat. by obſer. 45 41 N. Mer. . 3074 


5 4 26= =266 m. diff. 396M. 


. i : 1 
© & Long. B of 
os | 0 
By CONSTRUCTION. on 
tue 


* a mei AB, the upper end A will tepreſent the ſhip's be; 
place in her firſt latitude, | 

\ Take the. proper difference of Ntitude 266 in your compalſes, 

and with one foot in A, the ſhip's place, lay the other upon the me- 

ridian ; from A to E, take the merid. diff. of Jatitude 396 in .your 1 

compaſſes, and with one foot in A, the ſhip's place, as before, lay 171 

the other upon the meridian at B; and upon theſe two points raile 1 

the perpendiculars D E and CB; a ling drawn from the ſhip's place, the 

making an angle with the meridian equal to 39? the ſhip's courſe, ture 

will cut the two perpendiculars at D and C; the firſt will be the «yg, 

departure, which terminates. the diſtance AD 342, and the other 

will be the difference of longitude CB= 321 miles, 25 

From what has been ſaid, it is plain, that any caſe in Mercator 

Sailing may be projected as a right- angled triangle, by only conſider- 
ing the difference of longitude, or departure, as the baſe ; the meri- 


dional, or proper difference of latitude, as the perpendicular, the 

15 hypothenule cut by. the departure, as diſtance ; and the angle which 
that makes with the perpendicular, the courſe ; for in all caſes it A 
Mercator's Sailing, the meridional difference of latitude bears th vy | 
ſame proportion to the difference of longitude, that the proper dit- = in 


ference of latitude does to the departure. 
Theſe inſtructions being well underſtood, will be ſufficient t9 
| Norm We learner how to coaftruct any of che following caſes: 


—— % 


Lat 1 


8 
8 


bers.“ 15 * 


By CALCULATION. 
 Tofind the Diſtance, | To find the Diff. of Longitode 

As co-fine courſe 30 _ 9.89o0gof{As the co- ſine courſe 39%9 9.89050 

Is to the diff. of lat. 266 2.42488|[s'to mer. diff. of lat. 396 2.59770 

So is radius | 10.00000|S0 is fine courſe 3g?  9-79887 

12.42488 Ss 1239657 

2 9.89050} _ 089050 
To the diſtance 342, 2.5343 8ʃ To the diff. of long. 320,7 2.50607 | 
Lizard's Longitude left 5 i WW 


Difference of long. 3213 or 5 21 W. 


Lene in „„ ö 


By GUN T E R. 


14, © The extent Sock co- ſine courſe 51, to radius on the line 
of ſines, will reach from the proper difference of latitude 266, to 


the diſtance 342, 3 on the line of numbers.” 
2dly. The extent from co-fine courſe 519, to fine courſe 39? 


on the line of fines, will reach from the meridian difference of lati- 


tude 399, to the difference of longitude 321, on the line of num- 


8 * 


2 »7 
„ 
* * 
3 


5 INSPECTION. 


. the te 309, and againſt half the diff. of lat, 1 33 2 
171 in the diſtance column, which being doubled is 342, the diſtance; 


under the ſame degrees, and in the latitude column, look for half 
the meridian difference of, latitude 198, againſt that, in the depar- 
ture column, ſtands 160, 5, doubled i is 32 „ the difference of longi- 
tude nearly, as before. | | | 


CASE IV. 


One Lala, Courſe, and D ihr given, to find 40 2 of 
I Latitude, and Difference of 2 


Wy ſhis in latitude 42% 30 N. and lengleade 180 31. W. als 8. 


. 8. 391 miles; 1 demand the latitude and longitude the ſhip 
is in? | 
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10 1 diff. of lat. 491,4 2.69144 | 
. 77> ja courſe 3 pts. 9.9198 5 Lon. left e 
15 So is S. courſe 3 pts. 9.74474 


| port in latitude 37 N. and longitude 1025 W. 


courſe ſteered and longitude in? 


— — 


100 | | MERCATGR'S SAILING. 


To find the Difference of Latitude it will be, 


10.00000]| Lat, left 42301 { 2822 
2.77150 [Diff. lat. 491 8 11 M.parts 2194 
9.91985 — ͤ ͤÜꝗ— — 

Lat. in 34 19 M. a8. lat. 628 

12.691444 . 

10.00000 | 


As radius 
Is to the diftance 591 | 
So is co-ſine courſe 3 pts. 


To find the Diff. of . it will be, 
Is to m. diff. of lat. 628 2.79796 Di. lo. 420 πρ coW. 


— — Long. in 25 31W, 
| | 1 1 
\ E 


WR. 


To diff. obus 419,6: 2. 62285 


By G UN T E R. 
oy © The extent from radius to 5 points, the com. of the courſe 


X ng 


on the line marked SR, will reach from the diſtance 59 1, to 92 dif- 


ference of latitude 401, 4 on the line of numbers,” 

2dly. © The extent from co-courſe 5 points, to the courts 3 points 
on the line marked SR, will reach from the meridian difference of la- 
titude 628 to the difference of longitude 419,6,0n theline of caged 


By INSPECTION. 
Under the courſe 3 points, and oppoſite a tent of the + Sidince 597 


in the latitude column, ſtands 49,1, which multiplied by IO is 491 


the difference of latitude; then find & of the meridian difference of 
latitude 157, in the Jatitude column, againſt which ftands 105 in the 
departure column, which multiplied by 4, gives 420, the dit erence 


CASE V. 


Buth Latitudes and D ſance given, to find the Courſe and Difference of 
Longitude. 
X Long. 

If a ſhip runs 300 miles N, Weſterly from a — 


on longitude, 


until ſhe be in latitude 419 3 required e X Dep. 7 


Latitude left 37 N. 


Merid. parts 2 
Latitude i in 41N. - 25 


Merid. parts 2702 


Diff. 4240 M. diff. 309M, 


To 


MERCATOR's 


By CALCU 


0 find the Courſe, _ 
As the diſtance 300 2.47712 
Is to radius lo. ooo 
So is pro. diff. of lat. 24 2.38021 


12. 38021 
2.47712 


To the co-fi. courſe 360 52. 9.90309 To the diff. of long, 231. 7 


Longitude left 
Diff. of long. 2325 „ 


Loogitude | in 


By 


SAILING, 


LATION: 


To find the Dif. of Longitude. | 
As the co. ſi. courſe 369 52" 9.90311 


Is to mer. diff. of lat. 309 2.48996 
So is fine courſe 360 527 9.77812 
5 12. 26808 

9.90311 
2.36497 

eb AN 

3 5a W. 
e 


G UNTER. 


iſt. © The extent from the diſtance Zoo, to the proper difference 
of latitude 240, on the line of numbers, will reach from radius or 
90, to 53 8' the complement of the courſe, on the line of ines,” 


2dly. © 


The extent from co-courſe 53 8, to courſe 3652, on 
the line of fines, will reach from the meridian difference of latitude 


309, to the difference of longitude 231,7, on the line of numbers. 


By INSPECTION. | 
With the Adee and difference of latitude find the courſe ; 


in the latitude column belonging 


Bok 


to. this courſe, find the meridian 


difference of latitude ; againſt which, in the departure. column, will 


ſtand the difference of longitude. - 
Thus, half the diſtance 150, and half the difference af latitude 


120, will be found ſtanding togeth 


379, the courſe; and in the latitude column, find half the meridian. 


er in their columns, nearly under 


difference of latitude 154,5 the neareſt to it is 1541; againſt which, 


in the departure column, ſtands 
the difference of longitude nearly, 


CAS 


One Latitude, PER and Departure gi ven, to ) find the Diſtance, Dj: | 


116,1, which doubled, is 2322s | 


as before. 


E VI. 


- ference of Latitude, and Difference of 2 


A chip fails E. S. E. from a R 
certain port in latitude 50 0 a 


S. and longitude 1010 E. un- & |. 


Yo 


* 
— 25 


—Dz 


til her departure from the me 
ridian be 957 miles; I demand 
the diſtance failed, and the la- 


titude and longitude {he is in ? 


* 
s” * 
* . J N 
. > 
* 
„ \ 2 
— ——„— 
* 


l 


X Long. 


101. 
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CEE RYE 
. 
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396, on the line of numbers.” 


_ :- MERCATOR'S SAILING. 


To find the Diftanceit will be, | To find the Diff. of Lat. it will be, 


As the ſine courſe 6 pts. 9.96562|As fine courſe 6 pts. 9.96562 

Is to the departure 957 2.9809 ils to the departure 957 2.98091 

So is radius _ ro. ooo 18 co- ſi. courſe 6 pts. 9.58284 
12498091 — ES do} on 

| 9.95502] _ | 9.96562 

To the diſtance 1036 3.01 5290 To diff. of lat. 396=69 36' 2.59813 


To find the Diff. of Longitude, ¶ “Lat. left. o 1058. mer. pts. 3490 

As co- ſine courſe 6 pts. 9.58284] Lat. in 56 46 8. mer. pts. 4157 
Is to mer. diff. of lat. 667 2.82413 | . — 
So is fine courſe 6 pts. 9.96562 Merid. difference 667 

? | — | © wy IT JO 

| | Lꝙſ .be Jeff: tobi E. 

"OT 9.58284|Diff. of long. 1610 = 26 50 E. 

To diff. of Jong. 1610 3.20691 Longitude in 37 6 E. 


BY G UNT E 8 


iſt. © The extent from 6 points to radius, on the line marked 


Sk, will reach from the departure 957, to the diſtance 1036 on the 
line of numbers.* _ | 45 1 | 


2dly. © The extent from 6 points to 2 points, on the line marked 
SR, will reach from the departure 95% to the difference of latitude 


3dly. © The extent from 2 points to 6 points, on the line marked 
SR, will reach from the meridian difference of latitude 667, to the 
difference of longitude 1619, on the line of numbers,” 


ER 


By INSPECTION. 


| Over the courſe of 6 points, and againſt a fifth of the departure 


191,4 ſtands 79,2 and 207, which multiplied by 5 gives 396, the 
difference of latitude, and 1035 for the diſtance, 1 
Then in the latitude column, find a tenth of the meridian dif- 


ſeaence of latitude 66, 7, the neareſt to that is 66,6; againſt which, 


in the departure column, ſtands 160,8, which multiplied by 10 is 
1608, the difference of longitude, Es 


CASE 


on 


Une 


ure 
the 


dif- 
ch, 
0 15 


8 E 


As the diſtance 645 5 
I; to radius go? Io. ooooo 

do is departure 350 2.69897 
2989) 

By 2.80950 

a —— es | 


To fine courſe vo 80. 5; 


As co-ſine courſe 0 50 9.80043 
I «s to m. diff. of lat. 588 2.76938 
So is fine courſe 50 50 9.88948 
12.65886 

8. 80043 


on the line of 
Une of ſines. 


MERCATOR's SAILING, 


4 


CAS 


to find the Courſe, Difference of 
tude. „%%  - 


A ſhip in latitude 49? 30' N. and 
longitude 14? 40 W. fails S. caſt- 
ward 645 miles, until her departure 
from the meridian be 500 miles. Re- & 5 
quired the courſe ſteered, and the 


latitude and longitude ſhe is in! 


To find the Courſe it will be, 


pr 
To find the Diff. of Long. it will be, 


To diff. of lon. 721. 8 2 1252“ 2.85843 


103 


E VII. 


One Latitude, Difance ſailed, and Departure from the Meridian given, 


Latitude, and Difference of Longi- 


——_— 
P 


\ A | | Dep. 


* 
5 * * 
4 - * * * 
- p . * 
L 3 
— — 


X Long. 


To find the Diff. of Lat. it will be,. 


As fine courſe go? 500 9.88948 
Is to the departure roo 2.69897 
So is co- ſi. courſe 50? 5o' 9.80043 _ 
: 1 2.49940 
To diff. lat. 407,3=6 47 2.6099 


Long. left 14 $8 3 
Long. in | 2 38 W. 


Lat. left 49/0 N. M. pts. | 3428 
Lat, in 4 N. M. pts. 2840 

Mer. diff lat. | 588 
As pro. diff. of lat. 407, 3 2.60992 
ls to departure 500 2.69897 
So is m. diff. of lat. 588 2.76938 
6.46835 

„ 2.60992 

To diff. of long. 724,8 2.85843 


Hence the ſhip's courſe is S. 50 50 E. or S. E. 2 eaſt nearly, and 


he is in the latitude of 42 43 N. and long. 2 36 W. 


By GUN TER. 


iſt. © The extent from the diſtance 645, to the departure 500 | 


numbers, will r2ac 


n from radius to 50% 50, on the 


Ay. 


. — K * 4 — — 
_ — _ — = 2 — » — — - — — — 
- * - ” — one 3 oak. 2 n l ner NN 7 2 
* * * Ls. OR oe — 2 —— A © %e * * * — * Mes Þ * 
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which multiplied by 5 is 40%, the difference of latitude. 


to a ſhort time, and | believe they are all that can well happen at ſea, 


tude 49? 57% N. longitude 5 14 W. and the Iſland of St. Mary's, 


welt ? 


St. Mary's lat. 4 N. Nierid. pts. 2393 Lon. 25 06 W. 


vas | MERCATOR'S SAILING. 


2dly, © That extent from 50® 50 to 39? 10, on the line of ſi ines, 


will reach from the departure 500, to the n of latitude 407, 


on the line of numbers. 
2dly. * The extent from 39 10 to 509 50}, on the line of ſines, 


will reach from the meridian difference of latitude 588, to the dif- 


Terence of longitude 722, on the line of numbers.“ 


By INSPECTION. 


Now a fifth of the diftance and departure are 129 and 100, and 
are found together over 51® ; and in the latitude column ſtands 81,2, 


© FF rw oo ywuwiwww .T 


Then, in the latitude column, ſeek 4 of the meridional difference 
of latitude 146, the neareſt is 146,6 ; againſt which, in the departure 


column, ſtands 181,1 which multiplied by 4 is 72434 the difference of 


longitude. 
Having in the weceding parts ſhewn how to work the moſt uſeful 


problems in Middle Latitude and Mercator's Sailing; ſhall now 
work the four following caſes both by Middle Latitude and Mer- 
cator's Sailing, in the manner 1 generally teach perſons who are 


of age, and youth of good abilities; eſpecially if they are limited 


The F four Caſes « r il by Middle Latitude and Mercatar' 5 
Hlailing. | 


4 - 


Required the e and diſtance: " the e in "MP 


one of -the weſtern iſlands, in nen 370 N. and longitude 2 Fe 6 


Lizatd's lat. 9 57 N. Merid. pts. 3470 Lon. | 2 14 W. 
Is 1 


Diff. of lat. 12 * 777 miles.Dif.1077 Dif, 9 52=1192 miles, ; 


Sum lat. 2)86 55 


8 ' 
x 
* - 


MERCATOR'S SAILING, ,- hoy? 


By PROJECTION, 


By Mercator's Sailing. 
Draw the meridian M T = 1077 
the meridian diff. of Jat. and MI 


2 777 the proper diff. of lat. per- 


pendicular to MT draw TH and 


10. Make TH = 1192 miles, the 


difference of longitude. Join Hand 
M, then will the angle THM be 
the courſe 8 S. 47% f W. and OM 
the Gee 1199 miles. 


By Middle Laticnde Sailing. : 


Draw the meridian A B, with he” 


chord of 60 deſcribe the arch PS, 
upon which ſet off 462 32“ the com. 
of middle latitude from Q to*S; 
through 5 draw the line AN=1192 
miles, the difference of longitude. 
Let fall the perpendicular NB, which 


will be the departure 865. Upon 
AB ſet of AC 777 miles, the dif- 


ference of latitude ; and upon C erect 


the perpendicular CD, and upon it 


ſet off the departure 865. 


Join D and A, and it is done; for 
DA will be the diſtance 1 163 miles, 


and the angle CAD the courfe 8. 


2. 89042 


Is to the d1ff, of lat. 71 
o. ooo 


15 ſce. of courſe FF 


1 3.06547 
10. 17505 


To the diſtance 1163 


3-06547 | 


48 W. 
By CALCULATION: 
By Middle Latitude Sailing. | By Mercator's Sailing. 
As radius go? 10.00000/As the m. diff, Jat. 1077 303222 
1540 diff. of long. 1192 3-07628[ls to radius go? © 10,00000 
So is co-ſi. m. lat. 43% 28“ 9. ee 80 1 is the di of long, 1192 3.07628 
| | - Taps = 1307628 
—— 10. o οο | 238703222 
To the departr 36s, = 2.93708 To tang. of c cou. 47 44 ; 10.04406 
As diff. of lat. 777 2. . 89042 As radius' © . lo. ooo 
Is to radius g0 10.00000[Is to the p. diff, of lat. 5277 2. 99042 
So is the departure 865, 2.93708 1 ſec. of courſe 475 5 10. 17365 
| | 5 ZR h 13.06 547 
1 2.89042  10,00000 
To tang. of cou. 48* # 5 10. 04666 To A diſt, i in miles 1159 3. 06405 
As radius 10.00000 Now The 8 may be found 


E Mid. Lat. Sai Og without the De- 


| 


parture ; thus, 
As diff. of lat. 777 2. 89042 
Is to diff. of long. 1192 3.07628 
So is co. ſi. m. lat. 43⁰ 28 9.86080 
— ͤä — 
12.93708 
2.89042 
To tang, courſe 4804 19.04666 
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1 MERCATOR'S SAILING. 


Ay GUNTER. 
- BY MIDDLE LATITUDE SAILING. 
21ſt, © Extend from radius or 90% to 46? 32' the comp. mid lat. 
on the line of fines, that extent will reach from the diff. of long: 
1192, to the dep. 865, on the line of numbers.“ 5 
2dly. Extend from the diff. of lat. 777 to the dep. 865, on the 
line of nuinbers, that extent will reach from radius or 45%, to the 


courle 482 4; on the line of tangents.” | | 
Zzaly. © Extend from the courſe 4845 to radius or 90, on the 
line of fines, that extent will reach from the departure B65, to the 
diſtance 1163 miles, on the line of numbers.” 


IT ß of 
xt, © Extend from merid, diff, of lat. 1077, to diff. of longitude _ 
2192 on the line of numbers, that extent will reach from radius or 
4575 to tke courſe 47? 54 on the line of tangents.” | 

2dly. Extend from radius or 90, to the comp. of 422 6' on the 
line qi tines, that extent will reach from the prop, diff. of lat. 777 
IO the dit. 3159, on the line of numbers.“ | Os 


By INSPECTION. - 
os BY. MIDDLE LATITUDE SAILING. 
Lok for the comp. of mid. latitude, as if it was a courſe in Plane 
Sailing, and difference of longitude in the diſtance column, oppoſite 8 
-*c which will ſtand the departure in it's column. Having the dif- 
ference of latitude and departure, the courſe and diſtance is found as 


condi. 
4 * 85 2 — DS 8 r - 
1 5 WNT "a n "> r 
+ 936. oh r Ne. Sher Co wg . 
* 2 F 8 . X 
1 4 4 
* ” * . 


in Caſe VI. in Plane Sailing. 70 * | 
Thus, taking 4 of the difterence of longitude 11922298, and as 
the comp. of middle latitude is 46 32' or nearly 464 ; I look over 
469 and 47e, and againſt diftance 298 ſtands 214,4 and 218 in the 
departure columns; which added together gives 332,4, half is 216,2, 
this multiplied by 4, becauſe the difference of longitude was 
diwided by 4, gives 864,8, the departure: Again, taking + of 
the difference of latitude, and 4 of the departure 194,2 and 2162, 
the neareſt numbers to theſe ſtanding together, are 216,2 and 194,7, 
over 489 and againſt the diſtance 291; this multiplied by 4 gives 
the diſtance 1164 miles. Hence the, courſe is 8. 48 W. and dif- 
tance 1164 miles. 5 5 N 


th rower wary: Dn, — — 2 — = 

* * N e : — 2 
a l 8 

= * a = ” 


Bà MERCATOR. 
1K. Look for the meridian difference of latitude and difference of 
longitude, until they are found ſtanding in their reſpective columns, 
(as if they were latitude and departure) and the courte will be found 
among the degrees or points, in the latitude column: belonging to 
this cour(e, find the proper difference of Jatitude, oppolite to which 
ſtands the diſtance in it's column. . 
3 5 3 Now 


Mid. lat. 44 7 


ee eee, * go? 5 


MERCATOR's SAILING —=— + 107 


Now g of the meridian difference of latitude, and the g of the 


difference of longitude are 107,7 119,2 the neareſt.numbers in the 
the tables are 107,7 and 119,6 ſtanding together over 48 which is 


| the courſe; over 45? in the latitude column, I look for the 45 of 
the proper difference of latitude, which is 77,7 the neareſt is 77,0, 


againſt this ſtands 116 in the diſtance column, which multiplied by 


10 gives 1160 the diſtance nearly, as before. 


The Difference of Latitude and Departure given, to find the Gourſe, 


Diſtance, and Difference of Longitude, by Middle Latitude and 


Mercator's Sailing. 


A ſhip from the latitude of 37% N. and longitude 48® 20! W. fails' | 
between the north and eaſt, until ſhe be in latitude 51* 15' N. and 


finds tliat ſhe has made 564 miles of depa 
courſe, diſtance run, and longitude in? 


Lat: left 375 N. mer. parts 2393 


Lat. in 51 15 N. mer. parts 3593 


— — — 


14 15=855 miles diff. 1200 5 


— 


8588 lat. 2)88 15 : 


— — OO 
2 5 


98 
4 
; 


2 * IM 44 7 


Comp. mid. „% -< 45 $3 


rture ; what was her direct 


Draw the meridian D P, make it equal to 855 the difference of 
latitude ; on P ere the perpendicular PN, and make it = 564 the 
departure; join D and N, then will the angle P DN be the courſe 
N. 33 25 W. and DN the diftance 1025 miles. 55 

At the diſtance of the departure 564, draw ETF parallel to DP; 
with the chord of 60 deſcribe the arch TS. and upon it ſet off the 
comp, of the middle latitude 45? 53 from S to T, through T draw 
DO, to cut EF in O, then will OD be the difference. of longitude 


785,6 miles, by Middle Latitude Sailing. 


Again, produce DP to A, and make 


- 


DA = 1200 the men: 


difference of latitude : draw AB parallel to PN, and produce DN 


until it cuts AB in B; then will AB be 
of longitude by Mercator's Sailing. 


O 2 


791,7 miles; the difference h 


By 


— — 


PF 
* 


Y 
F 
. 
* 
+ 


J 

F 

3 

i 

| 
_— 
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F 


Io diff. of long. 785.6 miles i 2. ceo 
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By CALCULATION. 


As the diff. of lat. 855 2.93197 
Is to radius gos o. oo οο o 
So is the 8 %% ⅛ö 
12.751 28 

5 2.93197 
To tang. of eon. 33 25 9.81931 


| 


By Middle Latitude Sailing. 
As co-fi, mid. lat: 440% 9.85608 
Is to the departure 564 2.75128 
8041 18 _ g0? | T0.COCOO 
12.75128 
9. 85008 


; SAILING. 


As radivs goo 
Is to diff. of lat. 855 


2.93197 
So is ſec, _ 3 2 260 


10.07848 
. 
13. 01045 
10.00000 


To the diftance 1024 | 


To find the Difference of Latitude. 


By Mercator's Sailing 
As co-f1. cou. $3* 25 
Is to mer. diff. lat. 1200 


So is the fine cou. 330 25 9.74093 


12.82011 
BR 9 


10.00008 


3-01045 


9. 92152 
3.079018 


To diff of long. 791, ms. 2 89859 


6,0)78, 6  6,0)79,2 | 
Diff. 13. 6 E. Diff. long. 13. 12 E 


Lon. left 48. 20 W. Lon. left 48. 20 W. 


— —— 


Long. in 35. 14 W. by M. Le. : Sailing Long. in 35+ 8 W. Ar Mex. Sail, 


Her direct courſe is N. 33² 25 F. or N. E. wang N. neal, and 
diſtance PR miles. 


By G U N TER. Sy 
Mit. * Extend from 855 to 564 on the line of, numbers, that ex- 


tent will reach» from radius or 45", to 33 25 the courſe, on 9 


line of tangents . 
24dly. Extend from . or 90®, to the courſe 332 25 on the 
line of ſines, that cxtent will reach from the departure 504, to the 
diſtance e on the line of numbers.” 
z3dly. * Extend from radius or go?, to the complement of middle 
Jatitude 45? 57 on the line of fines, that extent will reach from the 


departure 504, to 786 miles, the difference of longitude by Middle } 


Latitude Sailing.” 

4thly, * Extend from the fine of the courſe 332 25 to the co- 
fine of the courſe 56? 35 on the line of fines, that extent will reach 
trom the meridional difference of latitude: 1200 to 792 miles, the 
diſterence of longitude by Mercator,” 


© Or, the extent from the difference of 1 85 5, to the de- 
parture 564, will reach from the meridional dtiterence of latitude 


1202, to 792) on the line of numbers.” 


By 


PPP 
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By INSPECTION. 


With the difference of latitude and departure, find the courſe and 
diſtance as in Cafe VI. in Plane Sailing. Take the complement of 
middle latitude as a conrſe, and the departure in its column, the cor- 
reſponding diſtance will be the difference of longitude, by Middle 

Latitude Sailing. And, | 
Having found the courſe, inſtead of the proper difference of lati- 
1 tude, find the meridional difference of latitude in the latitude column 
belonging to the courſe; the correſponding departure will be the | 
difference of longitude by Mercator's Sailing, , 

No taking s of the difference of latitude, -*. of the departure, 
vz. 85,5 and 56,4, the neareit numbers ſtanding together in the 
tables to theſe are, 85,5 and 55,5, under 33? againſt diſtance 102, 
and 854 and 57,6 under 34 againſt diſtance 103; now 323? added 

to 34“ is 677 half is 33 30 the courſe; ; and ro added to 103 gives 
2055 half is 102, 5, which multiplied by 10, gives 1025 the diltance. 


Th End the Difference of Longitude. 


Over the complement of middle latitude 48, find I of the depar- 
ture, viz. 141 in its column, and againſt it ſtands 196 i in the diſtance 
column, this, multiplied by 4, gives 784 miles, the difference of 
longitude, by Middle Latitude Sailing. a 
Again, the courſe being 33 25 or nearly 33 2, look for of 
meridional difference of latitude 120 in the 4 eln under 
'33* and 349, the neareſt numbers to thefe are 110% and 120, , the 
departures correſponding are 770 and 81,1, their ſum is 159, half is 
ad 79,5, whieh multiplied by ro, gives 795 the difference of longitude, 
by Mercator's Sailing, nearly as before, 

From what has been ſaid, it is eaſy to perceive that all the Caſes 
(fave the firſt) in Middle Latitude and Mercator's Sailing, are pro- 


„ I. Tp, to Te 


* jected and worked in the ſame manner as in Hane Sailing, and to 
he obtain the difference of longitude by Middle Latitude Sailing, the 
I complement of the middle latitude is taken as a courſe in Plage 
he Sailing, and with this courſe and the departure, the diſtance is found, 2 


he WM which will be the difference of longitude by Middle Latitude Sailing. | 
And having the courſe, take the meridional difterence of latitude, 


dle Has if it was the proper difference of latitude, the correſponding de- } ; 
the parture will be the difference of e by Mercator's Sailing. | 
dle > 


The Guſe and Diſtance given, to find the Difference of Latitude, and 
| ; Di Yference of Longitude. 


A tip from Caps Clear, in latitude 51 15 N. and langitude 

* 9 50 W. ſails S. W. by 8. until ſhe 8 run 1922 e what 
atitude and longitude is ſhe bny 71 55 

As 


By oo 
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As radius go? | | 10.00000 \As . go? | 10 00000 
Is to the diſtance 1022 3.0094 5 Ts to the diſtance 1022 3. 00945 
So is ſine courſe 3 pts. 9.74474 So 1s co. ſine co. 3 Pte „ 
12.7541 „„ 12. 92930 

| | 10.00000] | 10.000C0 

To the departure 567,8 2.75419 To the diff. of lat. 849.8 2.92930 


Now 849 8 or 8 50 divided by 60, gives 14 10'S. and being ſub- 
tracted "a: the latitude of Cape Clear, leaves , 5 the latitude 
in: Hence the middle latitude is found to be 449 10, and meridio- 

nal diffeaence of latitude 1194. Whence, : 


To find the Diff. rence of Longitude To find the Difference of 1 


by Mid. Lat. Sailing. . by Mercator's Sailing. 
As co-ſine m. lat. 44% 1o' 9.85571 As co-fi. courſe 3 pts. 9.91985 
Is to the departure 567,8 2.75420\[s to mid. diff. of lat. 1194 3.077 
So is radius go? 10. ooooo 80 f is ſine 1 3 pts. 9.74474 
12.754420 | | : 12.82174 
8 T N 9.91985; | 

To the diff. of long. 791,6 2.89849 Lo the dif. of Ion. 797,8 2.90189 
Cape Clear's long. g 9⁵ 50 W. Cape Clear's long. go. 
Diff. of long. 792 = "23 12 W. Diff. of long. 798 = * 18 W. 


Lon. in by mid. lat. == * 2 W. Long. in by Mercator 2 3 8 W. 


The Cour fo and D of Latitude given, to find the D 98 
5 and . of Crs 


A ſhip in 37 N. and longitude 27” 56' W. fails N. 22 20'E. 


for ſever al Cay s, and then by obſervation is found to be in the lati— 
. tude 512.15 55 ; required the diſtance run and longitude i in ? 


Lat. 51 is  Merid: parts 3593 
Hb. 37 Muerid. parts 2393 


Diff. 14 15= 855 miles 1200=merid, dick. of lat. 


Sum 2)88 I5=44,7 mid. "> 


As co-finecourſe 220 20 9.966 14 As co-fine cou. 220 2of ede 


Is to diff. of lat. 8 _ 4.23095 Is to diff. of lat. 855 2.93197 
So is fire courſe 225 20 9.579785 is radius 3 | 10. cooco 
12 51175 N 12.9317 

13 | | 9.966144 : , 9:96014 
pA To the departure 351,3 = So 54561 | To the diſtance 924,3 2.90583 


To 


MERCATOR'S SAILING, 


7 To find the Difference of Lange 
„ X Mid. Lat. Sailing. Buy Mercator's Sailing. 


8 As co-ſine mid. lat. 447 9.85608 As co-fine cou. 22 200 9.96614 
— Wh js to the PIER 351 2.5453 1 /Is to mid. diff. of lat. 1200 3.07918 


30 So is radius 90% 10.00000]|Sa is fine courſe 22 200 9.57978 
co e 5 . 
= „ | 2 C 112.65 896 
30 ; 9-35605 | 5 9.92614 


b- To diff. I, 489=8* 9 E, 2.6892 To diff. lon. 4932891 3 2.69282 
ide Lon. left 22 56 W. 5 N Long. left 22 56 


Long. in 14 43 W. by Mer. 


6 ß 


Long. is 14 47 W. by m. lad 


Theſe four caſes are all that can well happen at ſea; but as ſome 
young men are jnattentive, and fre looking in the book to ſee 
989 if their calculation is the ſame as that ſet 
7 The Teacher perhaps may find it neceſſary let ſuch work the 
4749 e queſtions by way of exerciſe: 5 


| Quęſt. 1k. Required the bearing and Aden of Hang Clif i in 
Shetland, in latitude 60? 9. N. and long. 58 W. and the North 
Cape of Lapland, in lat. 71 10'N. long. 26 3 E.? 
Ans BY 44” 48, E. diſt. 938, 5 miles, by Mercator 's Sailing. 
VN, 45? 19 E. diſt. 940 miles, by Middle Lat. Sailing. | _ 
| Dueft, 2d. A ſhip in lat. 37? N. and longitude 48? 20 . fails. 
between the N. and E. until the is in the latitude of 51 18'N, and 
finds ſhe has made 564 miles of dep.; required her direct courſe, 
diſtance run, and longitude wy 855 
Ee 33“ 19 E. diſt. 1027 miles, long. in 35 14 W. by 
1 Midale Latitude Sailing. 
N. 33 10 E. diſt, 1027 miles, long. in 35 8 by Merca- 
tor's Sailing. 
Oueſt 3d. A ſhip from the lat. of 50? 30 N. fails 8. 8. W. 150 | 
leagues ; — lat. is He in, and now much has ſhe differed her lon- 
gitude? 


25 


Lat. in 43 34 N. diff. of long: 25353 miles, by Merca- 
tor's darling.” | 
Ek at. in 4.4 34 N. diff. of loug. 25256 miles, by Middle 

: (Latitude Sailing. 

. Qref?, 4th. A ſhip from latitude. 20? 40 N. fails J. E. by E. 

6611 une ſhe be in the latitude of 27100 N.; required her liſtance run, 
nnd difference of longitude ? 

0000 ( iſtance run 712,8 miles, difference of longitude 645, k 

ES. Ain. miles, by Mercator. 

Dittance run 7.12, g miles, difference of longitude 648, 6 8 

” 1 85 by Middle Latitude, | | 

| ; Quell. 


verſe Sailing, w. 
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_ 9h 5 Suppoſe a ſhip foo the latitude of 450 40 N. falls 
between the 8. and E. 600 miles, and then her departure is com- 


puted to be _ miles; en the 1 latitude, and difference 


of longitude? 


Courſe 8. 300 53 E. latitude in 37 5 N. difference of | 


- Fab longitude 41155, by Mercator. 


longitude 410, 4, by middle latitude, 


2050 6th. A ſhip from the latitude 4.5” 30 S. ſails N. N. W. 
until her difference of longitude bg 7ꝰ 400; required the latitude ſhe 


is in, and her diſtance ſailed ? 5 


Nor. This muſt be worked by Mercator” s Sailing, thus: 
As tang. courſe 22“ 300 
Now, from the 
meridian parts of latitude left 3073, take the meridian diff. of lati- 
tude 1110, the remainder 1963, is the meridian parts of the latitude 
come to 31” 4 8. Having the courſe and proper difference of lati- 
tude, the reſt is found by Cafe II. in Plane Sailing. 

Aus. The ſhip is in latitude 31* 4 85 diſtance 93754 miles. 

©uft. 7th. A fhip in the latitude 51? 15 N. and longitude 22 W. 
ſails e S. and W. until ſhe has made 564 miles of departure, 


and 786 miles of difference of lengitude, required her courſe, dif- 


tance, and latitude, and longitude in ? 

NoTe. This muſt be worked by Middle Latitude Sailing, 28 
thus: 

As diff. of long. 786 : radius :: the e 564 : co· ſine of 


middle latitude 44 o' + 44 9 = 88 18, the ſum lat. and 889 18 
251 15 =lat, in 375 


3 N. Having the difference of latitude and 
departure; the courle is "found to be 8. 33 30 W. and the diſtance 
1021,7 miles. 

It may now be ſuppoſed that the Learner is rele of working 
any ſingle courſe, either by Middle Latitude or Mercator's Sailing; 
we ſhall now proceed to Compound Courſes, commonly called Tra- 
which may be worked by Middle Latitude and Mer- 
cator's Sailing ; either by oon, Calculation, Gunter's Scale, 
or Inſpection. 

How to ſolve compound courſes, or a traverſe, has already been 
ſhewn in Plane Sailing ; but it is neceffary alſo to ſhew, how pro- 
per allowances for the longitude ſhould be introduced into ſuch ac- 
counts, which is eaſily done by any of the following methods: 

1it. Complete the traverſe table to each courſe and diſtance as in 
Plane Sailing, and find the whole diftcrence of latitude, departure, 
and latitude in. | 

2dly. With the whole difference of Iatityde and departure, find 
the direct courſe and diſtance. | _ 


zal). 


9 


Courſe S. 3053 E. latitude in 377 5 N. difference of 


| radius or 99® : : the difference of lon- 
gitude to the mer, diff. of latitude 1110 miles. 
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Zaly. With the latitude left and latitude in, find the complement 
of the middle latitude ; with which, and the departure, find the dif- 
ference of longitude by Middle Latitude Sailing. 
Or, with the courſe and meridional difference of latitude, find the 


difference of longitude by Mercator's Sailing. 


Theſe methods are generally uſed in working a day's work at ſea; 
but thoſe that want a greater degree of accuracy, may work by the 
following methods, eſpecially in high latitudes: 

By the ſeveral differences of latitudes and departures, found in the 
tables of difference of latitude and departure, find the latitudes come 
to, middle latitudes, and complements of middle latitudes : with each 
complement of middle latitude and correſponding departure, find the 


difference of longitude to each courſe and diſtance, and ſet them 


down in two additional columns marked difference of longitude, 
caſt and weſt, according to the departure uſed ; add up the eaſt and 
weſt columns, and their difference will be the whole difference of 
longitude, by Middle Latitude Sailing. 

But if you work by Mercator's Sailing, find the meridional dif- 
ference of latitude for each courſe and diſtance ; with each courſe 
and meridional difference of latitude, find the difference of longitude 
which ſet down as above directed, and the difference between the eaſt 
ant weſt columns will be the difference of longitude by Mercator's 
Sailing, By this method the ſhip's place may be found at the end 


of each courſe and diſtance run, and pricked off on a Mercator's 
chart, : 


EXAMPLE I. | 

HO > A ſhip from the Land's End in latitude 50% 6' N. and 
longitude 5?55' W. is bound to the iſland of St, Mary's, in latitude 
37* N. and longitude 25 6' W. but by reaſon of contrary winds is 
obliged. to ſteer the following courſes, viz. S. by W. 24 miles; 
W. S. W. 32, N. W. 4 W. 41, S. S. E. T E. , , . BE. 
10, W. 21, N. E. 2 E. 36, S. 41, 9. 8. W. 92, and N. 36 miles; 
and it be required the lafitude and longitude the is in, with the direct 
courſe and diſtance to her intended port ? 


With the ſeveral courſes and diſtances, find their differences of 


latitude and ee and ſet them down as in the following Tra- 


P.-.., , -  ma_ 


9 
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TRAVERSE TABLE. 


: ; | Dir F. OF LAT. : DEPARTURE, + ; : 
COURSES. DIST. N. 8 5 C.. | W. 


s 7 
— LW: 22 |} __C[ 14,2 1 20, 0 
NW.3W, 41 . 1 1 7 | 
S. E. E. 49 26,0 44, 3 21,0 | 


„e 


4,0 35 21,0 | lis 
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9 — 
8 
— 


5 855 0 7 35» 2 L 
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It is plain by the et Table, that the ſhip has wade 3 
miles of ſouthing, and LS 5 miles of weſting. 4 
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Whence to find the nn of Longitude, it will be, 
By Middle Latitude _alhng. Buy Mercator's Sailing. 


As co-fine mid. lat. 49% 7" 9.81592/As p. diff. of lat. 116,6 2.06670 
Is to the departure 55 74036 s ro the departure 55 1.74036 
So is radius 90 N 00000/So is m. diff. of lat. 199 2.25285 
̃ — Tt 
11.774036 | | 3.99321 7 
2 $1592 | 2.06670 * 


—— —— ene 


2 — 


— — 
K 2 — — * 

8 4 2 — . 
2 — — 1 


— 


Todif. of lon. $4=19 24' 1.92444\To at; long. 84, 42124 1.92651 49": 
Long. left 1 1 | Long. left B 3 5 | lame 


| Long. i in 1719 by m. lat. 


Long. in VV 
By that 
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5 By INSPECTION. 

Taking the complement of middle latitude 41? as a courſe, and 
the departure 55 in its column, the neareſt is 55, 1 againſt which 
ſtands 84 in the diftance column, the difference of longitude by Mid- 
dle Latitude Sailing. And, | | | | 

With the proper difference of latitude and departure ; the courſe 
found nearly 255 and diſtance 129 under the courſe ; in the latitude 
column look for the meridian difterence of latitude 179, the neareſt 


Iis 180,4, againſt which ſtands 84,1 in the departure column, which 
[is the difference of longitude by Mercator's Sailing. | 


To find the direct Courſe and diſtance to St. Mary's. 


3 : 9 5 | 8 5 
jr of hip 7 WN. Meri. fr. 5305 .S. an: 8. 
Diff. 8 1 oa ms. Diff. 912 Diff. of long. 17 47=1067 
Sum lat. 3)85. 9 — | 1 i 8 

| Mid. lat, 42 34 


By Middle Latitude Sailing. „ 
9.81189 


As the diff. of lat. 669 2.82 5430 As co-fi. courſe 499 35" 
Is to diff. long. 1067 3.02816fls to prop. diff. ot lat. 669 2.82543 © 
So is co. ſi. mid. lat. 429 34 9. 8671750 is radius 90? © | 10.00000 | 
” 12.89533 12.82543 
| | 2.82543 9.81180 
To tang. courſe 49 35 10.069901 To the diſt. 1032 3.01363 
5 By Mercator's Sailing. 25 | 
As merid. diff. of lat. 912 2.95999 As radius Ic. ooo ο 
I; to radius 90 10. ooooc ls to p. diff. of lat. 669 2.82543 
So. diff. of long, 1067 3.028 1650 is ſec. courſe 49% 29“ 10. 18731 


TN OLIN 


13.02816 1.3.01274 
| | . o. oo 
To tang. courſe 499 2g' 10.068 17 To the diſtance 1030 3.01274 


Hence the direct courſe from the ſhip to St. Mary's is S. 49 35 
W. and diſtance 1032 miles, by Middle Latitude Sailing; and S. 
49* % W. and diſtance 1030 miles, by Mercator's Sailing. The 
lame may be found | | . | 


By INSPECTION. 


Take ; of the diff. of long, 1067, viz. 267 nearly, and look for 
that in the diſt, column over the complement middle 4% nearly, and 
in the depaiture column ſtands 195,34 of the departure, 

„ . „ 5 c Then 


——— — —O 


no - %%% ⁰˙ÜÄ7˙u 


Then look for 4 16% 2, and Z of departure 195,2, until they are MI 
found ſtanding together in their reſpective columns, the neareſt are ©* 
found over 499 and 50e viz. 195,5, 160,9, and 195,3, 163,9; the 0 


diftances correſponding to theſe are 259 and 255, their ſum is 514, 
half is 257, this multiplied by 4, gives 1028 miles. Hence the courſe N 
is 8. 499 40 W. diſt. 1028 miles, by Mid. Lat. Sailing. 1 
Again, taking 1 of the meridional difference, and 3 of the diff. | 
of Jongitude, viz. 91,2 and 106,7, the neareſt numbers to theſe are L. 


106,4, 92,5, and 106, 5; 89,4 ſtanding over 499 and 509 in the lati- L. 
tude columns, belonging to the above degrees; look for , of the 


proper difference of latitude, viz. 66,9, the neareſt is 66,9 and 66, 8, F 


the diſtances to theſe are 102 and 104, their ſum is 206, half is 103, 3s 
Which being multiplied by 10, gives 1030 miles. - 
Hence the courſe is 5. 49? 30 W. and diſtance 1030 miles, by lol 
Mereator's Sailing, the fame as by calculation. TY 35 
Here, to have gone to geometrical ſtrictneſs, the difference of 15 


longitude ſhould have been found to every courſe and diſtance run, 
by Middle Latitude or Mercator's Sailing, which would have given 
the ſhip's true place at the end of each courſe and diſtance, but ſhall 
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leave the doing of that to the Reader; and as all traverſes are worked 73 
in the manner ſhown above, which is ſufficiently exact for a ſhip's 
run in 24 hours, I ſhall therefore only add a few queſtions for the c 
* Learner's exerciſe. . OT „ da 
ll. _ Suppoſe a ſhip from the latitude 689 38“ N. and longitude 8? 40 E. 
. is bound to the North Cape, in 71 10 N. and longitude 26 3“ E. pa 
bl fails as in the following table; required the Jatitude and longitude Lz 
$ 4 ſhe is in, and her direct courſe and diſtance to the Cape t - an 
. = BD STE | : 
ll | Fi |: Er Ce 
1 coursts. D. N. |S. | E. W. LA r. 1x, (Diff. of Long. d 
1 | — E. TW. ; 
b | | | 68 38 - by 
Wo N. E. by N. 63 | 52,4 1 36,0. 69 30 | 97,2 = 
W555 N. E. 38 26,9 256, 9 69 57 78, o 0 
ins. 2,1 70 49 | 64,2 5 
North 0, 71 19 an 
N. W. by N. 25 20, 8 | | --10 3» 9j 74: 40 44,1 To 
N. N. W. Z W.] 36 | 31,8 | 7 rec 
N. by E. 40 | 39,2 J % 1 260 di 
N. E. by E. 2E. 72 | 33,9 . 1373 | 
. {| 30 $3 35693 | 72 50 20, 6 to 
E. N. E. | 65 | 24,9 60, © 73 i 80 0 M 
| 311, 5 138» 3249.9 [30,9 813,3 | 99, 1 ons 
35» 3 30, 9 ; GO, I | CG 
. 5 40 
Diff. of lat. 276, 2 Dep. 2 19, JOG lon. 14. . da 
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k ood the abou the * of longitude is found by the 
' courſe and meridional difference between each parallel of latitude ; 


or, it may be done by taking the a CARE of each middle lati- | 


tude, and the departure for each courſe. 


Now the lat. left was 689 58 N. Long. 80 40 E. 
The diff. of lat. 276 ms. 4 I; N. Diff. lon. 714 m. OF 11 54 E. 


Lat. in 1 73 14 Long. i in — | o 34 . 
Lat. of N. Cape 7110 Long. of Cape ky 3 E. 


yr —— 


The m. diff. lat, is 406 ms. 20 4=124 ms. Diff. of long. 5.49. 


329 miles. 

With the meridional difference of latitude 4.06, and difference of 
longitude 329, the courſe between the ſhip and the Cape is 8. 
236% 1 E. diſtance 160 miles, by Mercator; and S. 39' 5 E. d.ftance 
159,73 by ANT Lat. Sailing, | 


By INSPECTION: 


With L of diff of lar. 276, and + of departure, 219, viz. 92 1 
735 the courſe made good is 380 305 and diſtance 354 miles. | 


And with 7 of mcridional difference of latitude 849, and the 


. courſe 38? 30, the difference of latitude is 076, by Mercator's 
Sailing. | 
And with the complement of middle latitude 19,2-and the de- 


parture 219, the differing of longitude is 675 nearly, by Middle 
Latituce Sailing; ; ditterence from that above 38 miles, by Mercan, | 


and 29 miles by Middle Latitude Sailing. 

But as ſhips never run ſuch diſtances in 24 hours, the firſt mots 
of finding the ditſercnce of longitude will be iufficicntly exact for any 
day s run. 


The bearing and N to the North Cape may be 1 found : 


by Middle Latitude or Mercator, by Inſpection, which will be nearly 
a5 av0vVe. x 

, ſhip from the Liz: ard, in latitude 49? 57 N. and longitude 
5 14 W. is bound to Funchal in Madeira, in latitude 32% 38'N. 


and longitude 172 5' W. ſteers the following courſes, 8 S. W. 250 


miles, W. 156, S. E. by S. 300, W. by N. 180, and S. 185 miles; 


required the latitude and longitude ſhe is in, and her direct courſe and 5 


diſtance to the intended port? 

By finding the difference of Jongitude for each 898605 by calcula- 
tion, the ſhip i is in latitude 39? 27 N. and longitude 117 28. W. by 
Mercator's Sailing ; ; but by working by the whole difference of la- 
titude and departure, the longitude will be 115 23 W. 
| The courle from the ſhip to Funchal, is 8. 33* 15 W. diſtance 

489 miles, by: Mercator! 5 Gailing: 


5 aa 8. 33 19 W. liltance +594 miles, by Naa Latitude 
al 11 8. 


A ſhip | 


2 
4 Wr 1 , 
* » "+ bs +. * af Sh 8 26>. ian 


part of the en Globe.” 36, 
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A ſhip from latitude 38 14 N. and longitude 250 506 W. runs 
the following courſes and diſtances, viz. N. E. by N. 4 E. 56 miles, 
N. N. W. 38, N. W. by W. 46, S. 8. E. 30, S. by W. 20, and 


N. E. by N. 60 miles; required the direct courſe and diſtance made 


good, and the jatitude and Jongitude ſhe is ? 

The courſe i is N. 14 E. diſtance 108 miles, latitude in 399 59 'N. 
longitude in 25 22 W. 

Suppoſe 2 ihip in latitude 67 30 and jongicads g* 46 W. ſails the 


following courſes, = E. 64 miles, N. N. E. 50, N. W. by N. 


58, W. N. W. 72, W. 38, S. S. W. 38, . 45, and E. S. E. 
40 miles; what latitude and longitude is ſhe in! 
By working by the whole difference of arte and departure, the 


| ſhi ip is in latitude 6843 N. and longitude 11? ' W. But, 


By finding the difference of longitude for each courſe and diſtance, 


5 ſhe is in longitude 11* 37 W. by Middle Latitude Sailing, and 11“ 


43 W. by Mercator's Sailing. 
Having gone through the neceſſary problems in Mercator's Sailing, 
we ſhall now proceed to ſhew how the true chart, commonly called 
Mercator's Chart, may be conſtructed either for the WIR or any 


75 


When a Chart is to Commence how the . or if the E nauer PM 
run through it. 


Having provided a ſcale of convenient length, ara a line to re- 


preſent the equator, and crofling that at right angles, another to 
repreſent the meridian of ſome known place, ſuch as London, Paris, 


the Lizard, or any other place whoſe longitude is known; the upper 


end of which will repreſent the north, and the lower the ſouth. 


From the the ſcale take 60 in your compaſſes, and with one foot 


| upon the ineridian, ſet oft that diſtance on both of it upon the equa- 


tor, if the chart is to contain eaſt and weſt longitude; but, if it is 
only to contain eaſt or weſt longitude, lay it off upon that ſide of 
the meridian the caſe requires: that is, if the longitude is to be weſt- 
ward, lay it off on the left-hand hide of the meridian; but if eaſterly, 


the right-hand tide. 


Again, take 2 degrees or 120 miles in your compaſſes, and ſet it 
off from the meridian, in the ſame manner as before; or, with 60 
miles in your compaſles, turn over from the meridian, and that will 
point aut the degrees of longitude, which may be arvided? into halves, 
quarters, or minutes, if required, 

Having ſet off as many degrees of longitude as you intend the 
chart ſhould contain, 'through the laſt draw a line (or lines) pa- 
rallel tothe meridian, which will be the bounds of the chart eaſt and 
weſt. 8 
Having divided the equator as above, proceed to ſet off upon 
the two extreme meridians from the equator, the meridional 


party (as found in Wo table) belonging to each d: -gree of latitude 
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that is, take from the ſcale in your compaſſes the miles anſwering 


to one degree in the table, and, with one foot in the equator, ſet off 
that diſtance on each fide of it upon the extreme meridians, if the 


chart is to contain north and ſouth latitude ; but if only north or 


. ſouth, upon one {ide of the equator. 


Again, take the meridional parts e to 2 degrees and 3 ths . 
grees, &c. in your compaſſes, and ſet them olf upon the meridian. | 


from the equator, as before. 


In like manner proceed to ſet off as many degrees as you intend | 


the chart ſhould contain ; or, which will be the ſame thing, take the 
meridional difference &f latitude between any two ren and ſet 
them off ſeverally from the leaſt latitude. 

Lay a ruler on each of theſe diviſions, and draw lines parallel to 
the equator, and they will be the parallels of latitude; each of which 


will be enlarged towards the poles, in proporuygn as the degrees of 


Longitude are. 


Parallel to the meridian, draw lines through the points, expreſſing 


the degrees of longitude, to cut the parallels of latitude, which bound 
the chart north and ſouth. = 

The parallels of latitude may alſo be divided into halves, quarters, 
or minutes, by taking the meridional parts for degrees and minutes, 
and ſetting them off as before. 


Draw double lines on the borders of the chart, and mark out the 


degrees of latitude and longitude z and, in ſome convenient. place, 
draw the compaſs. In like manner may a chart be made that ſhall 
contain any number of degrees and minutes required. When the 
chart is not to commence from the equator, but is only to ſerve from 


a certain diſtance on the meridian, between two parallels on the 


ſame ſide of equator, then the meridians are to be drawn as PO 
and for the parallels of latitude you are to proceed thus 
From the meridional parts anſwering to each point of latitude in 


your chart, ſubtract the meridional parts'an{wering to the lealt lati- 
rude, and ſet off the difference ſeverally from the parallels of the 
leaſt latitude upon the two extreme meridians, and the lines joining 


theſe points of the meridian will repreſent the ſeveral paralleis upon 
the chart. 


Let it be required to draw a chart that ſhall ſerve from the latitude 


of 14 degrees north, to 52 degrees north, and that ſhall contain 
1 degree eaſt, and 26 de egrees of longitude welt of the meridian of 
London. See the chart. 

Draw-a line to repreſent the meridian of London, Gan which ſet 
off 60 miles towards the right hand, for one degree of longitude, 


and on the other fide, towards the left hand, ſet off 26 degrees of 


weſt longitude, as before directed; through the two laſt points draw 
lines parallel to the meridian of London, and theſe will be the ex- 
treme meridians or eaſt and weſt bounds of your chart. 


Having drawn the two meridians on the Tower edge of the paper, | 


draw a line perpenoiculae to the meridians, to repre ent the parallel 
| of. 
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of 14 degrees north; then, from the meridional parts anſwering to 
15 degrees. G10, ſubtract the meridional parts anſwering to 14 de- 
grees 848, and take the difference 62 in your compaſſes, and ſet it 
off from the parallel on both the meridians from you, and that will 
repreſent the parallel of 15 degrees. 

Again, take the meridional parts of 15 degrees 910, from the 
meridional parts of 16 degrees 973, and ſet off the difference“g, 
upon the meridians from the, point repreſenting the parallel of 15 
degrees, and that will repreſent the parallel of 16 degrees. In like , 
manner proceed to ſet off the parallels upon the meridians. 
Or, if the meridional parts of 14 degrees be ſubtracted from the 

meridional parts of every ſucceeding parallel, and the difference be 
fet off from the parallel of 14 degrees upon the meridians, theſe points 
will repreſent the ſeveral enlarged parallels of latitude, the fame as 
before; and, if it be required that the meridians ſhould be divided 
into degrees and meridians, the meridional parts for ſuch mult be 
taken from the table, and ſet off as above. 
| . fet off as many parallels as you: intend the chart ſhould 


— 


tude and longitude of each e Th contained within the 
| bounds of the chart, and lay a ruler over its latitude, and another 
crofling that over its longitude; the points where theſe croſs will 
repreſent the propoſed place upon the chart. In like manner may 
any place be readily marked. Hence, the particular points of a ſea- 


coaſt may be laid down as above, and lines properly drawn from 


point to point will form the out- lines of the ſea-coaſt, iſlands, &c. 


to which may be annexed, the depths of water, fetting of currents, 


and whatever elſe may be 1 8 convenient for the chart to con- 


tain. 
T bis map or chart is not to be confibred as a juſt or Gmilar re- 


preſentation of the earth's ſurface, for in it the figures of iſlands and 
countries are diſtorted near the poles, For, 

Suppoſe an iſlangl in the latitude 60 N. or S. where the breadth of 
a degree of longitude is juſt half as large as a degree upon the equa- 
tor. Now, as the degrees of latitude are enlarged in proportion as 
the degrees of longitude are expanded towards the poles, it is plain, 
that every point of that iſland or country, being laid down in its pro- 
per latitude and longitude, will be repreſented twice as large as it 
reaily is. 

Hence it follows, that as the degrees of latitude are every where 
increaſed like thoſe of longitude, it is plain the bearings between 
places will be the ſame on this chart as on the globe; and the pro- 
portions between the latitude and longitude and nautical diltances, 
will be the ſame pon this at as upon the globe. 1 

| And 


, 


lies 


lure 


And fince the meridians in this projection are right-lines, it fol- 


orcs of the nautical meridian are fitted, by increaſing them in their 


true proportion; hence the limits or bounds of a Mercator's Chart 


equal parts as before, and: conſequently the degrees may be made of 
any propoſed length. | or | 


8 By the Latitude and Longitude in, to prick off the Ship on the Chart. 

ef RolLE. Lay the ruler Zcroſs the chart in the latitude your ſhip 
a is in, then look upon the equator, or line marked with the degrees 
3 of longitude, for the longitude your ſhip is in by your reckoning, 
- and ſetting one foot of your compaſſes in that longitude, take the 
IC neareſt diſtance to ſome north and ſouth line, and from where that 
0 line croſſes the edge of the ruler that lies in the given latitude; lay 
ill off that ſame diſtance along the edge of the ruler to the righe hand, 
ay if the longitude you are in was to the right-hand of the north and 
A- ſouth line, or to the left-hand, if it was to the left-hand ; where this 
mM fals will be the place of the ſhip: but this will only do when the 
CC. Wh longitude marked on the chart, and your reckoning of longitude in, 
ts, are both counted from the ſame meridian. Therefore, for a general 
n- rule, take the following, viz. eu 


re- By the Latitude in and Longitude made, to prick off the Ship's Place. 
RULE. Set one foot of your compaſſes in the place you take your 
departure from, and take the neareſt diſtance to ſomne north or ſouth 
line, and from where that line falls upon the equator, or the line 
marked with the degrees of longitude, ſet off that diſtance the ſame 
way the place lies from it; that is, to the right hand, if the place lies 
tothe right-hand of the north and ſouth line, or to the left hand if it 
lies to the weſt ; and make a mark with a black lead pencil; this 
mark will ſerve to prick off by, till you come to take a new depar=- 
ture; and then rub it out, and make a new one as before. 
hen lay a ruler acroſs the chart in the latitude you are in, and 
taking ſo many degrees in your compaſſes from the line of longi- 
| tude, as your longitude made comes to, {ct them off from your 
black-lead mark along the edge of the ruler to the eaſtward ; it the 
| 5 | longitude 


S., 


MERCATOR'S SAILING. : _ .I2x---- 1 _ 


ar WE TIE r 1 2 
a "_= — 7 N 1 5 
- 
8 


— 


= 
N ; r — —— — r — 
p I — " — ” - — - . * 8 5 ths 5 - 
; 82 = a= 4 - r T5 22 1 — » — 5 
N 5 4 2 WA tt5 = "= . . 8 - x K — r * — tn * 5 F ths 1 1 
ä PPP E i. Ae Foe nr ERIN. . LN : "a> ed SEND SE APR; — 8 . 2 
— 1 * 2 WP; — 2 * . 0 * - N l — « > e * rr 2 * * N * ** w_ * — 7 
8 1 4 2 ²˙ * 2 _ = — * * 9 A 0 " 4 5 * * * 5 * . 7 
Sw 0 = 7 p c * * * ey _ Ay n,, Bb. > n Y 4 4 * 
N 1 * N Si N bond ? IN ©; £7 FL 9 * ; N we TY Fe rr F . 0 % : * 
, * N * 1 * * ＋ ; 1 2 K 0 $ : 1 L A, Wo ** 4 < 
1 29 8 » 4 25 — : 
4 4 : 4 p 
i - 2 
% 7 - 
5 5 4 5 N 
” 


122 © MERCATOR's SAILING. 


longitude made be eaſt, or to the weſtward if it be weſt ; where this 


falls will be the longitude the ſhip is in by the chart; from which 


take the neareſt diſtance to ſome north and ſouth line, and from 


where that line, &c. as in the fuſt caſe. 
I be ſhip's place on the chart being found, as before taught, it 


remains in the next to ſhew how to find the bearing and diſtance of 
any place from the ſhip; and firſt, 


To find haw any Place bears . the Ship. 


RULE. Lay a ruler from the place of the ſhip to the place you 
would know the bearing of; then ſet one foot of your compaſſes in 


the centre of ſome compaſs near the ruler, and take the neareſt 
diſtance to the edge of the ruler ; then run one foot of your com- 


paſſes along by the edge of the ruler, and obſerving what point of 


the compais the other comes neareſt to, which will be the bearing 
ed. | 


To 42 the Diftonce f any Place from the . | 


CASE: I. 
If the place be 3 in the ſame longitiftte that the fhip is in; that; IS, 
if it bears due north or ſouth, then the difference of latitude between 
them ed into miles or leagues, will be the diſtance. 


CON : CATE u. 

If the place be in the ſame latitude the ſhip is in; a” is, if it 
beats due eaſt or due weſt, then take half the diſtance between the 
ſhip and the place in your compaſſes; and ſetting one foot on the 
line marked with the degrees of latitude, in the latitude the ſhip is 
in, ſee what latitudes the other foot will reach to, both above and 
below it ; the difference between theſe two  :atitudes will be the dit- 


CASE DE: 


tance required. 


When they are neither in the ſame Latitude nor in the fame Longitude 


with the Ship. 
Rute. Take the difference of latitude between both s in 


your compaſſes from the equator, or graduated parallel; and lay- 


ing a ruler over both places, put one foot upon the ſhip's place, and 
ſlide your compaſſes along the edge of the ruler (holding both points: 
parallel to the meridian) until the other cuts the parallel of latitude 


paſſing through the place, (or E. and W. line cut by the ruler) and 


then ſtay the compaſſes. "Take the diſtance between where the 
point reſted by the edge of the ruler and the place (or where the 
ruler croſſed the aforeſaid eaſt and weſt line) in your com paſſes, 


and apply it to the equator, or graduated parallel, and that will 


give their diſtance in degrees, which may be turned into miles or 


97 Keke and in the ſame manner as you, find the bearing and &il- 
taulce 
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tance between the ſhip and any place, you may alſo find the bear- 
ing and diſtance of one place from another; or if the diſtance be- 
tween the ſhip and place be taken in your compaſſes, and applied 
to the fide of the chart, or graduated meridian, nearly in the paral- 
leis of the fhip an- place, will give the diſtance in degrees as before; 
and for this purpoſe there are generally marked on the ſides of charts 
ſcales of leagues, by which the diſtance between the places may be 


readily found. 


Or the diftance between two places upon 2 Mercator s Chart may 


be eaſily found, thus : 


Take half the diitance . any two 1 and with one 
foot of the compaſſes in the middle parallel, extend bota ways upon 
the graduated meridian; count the number of degrees between both 
points, which will be your diſtance, either in leagues or miles, ac- 
cording as the ſcale is divided; or take the diſtance in your com- 
paſſes, and ſet one foot as much above the one place as the other 


| point is below the other place, on the meridian; the number of de- 


pe between the points of the compaſſes will 1 the diſtance. 


E XA NM PL. E. 


2 the Bearing and Diſhance between Cape St. Vincent and 
- Teneritt 


Lay a 1 over both places, and take their difference of latitude 
8 305 from the equator or graduated parallel, in your compaſſæs; 


and ſlide one foot along the edge o 


the ruler from Feneriff, holding 


the other point in the direction \ the line CB, until the other 
point juſt touches the eaſt and weſt line, (AB) paſting through 
St. Vincent, as at B, from C where the foot of the compaſles reſted, 
by the edge of the ruler, and St. Vincent being meaſured, and ap- 
plied to the graduated parallel, gives 10 2-third degrees, or 640 miles 


the diſtance. 


Again, take the neareſt diſtance between the centre of the com- 
paſs in your compaſles, and ſliding them along the edge of the ruler, 
as before directed, you will find the courſe to be S. W. by S. 4 W. 


nearly. 


Hence, the direct courſe between Cape St. Vincens and Tenerifh - 
is 8. W. by S. 4 W. diſtance 640 miſes, or 5 one- third leagues ; 


And tne ſame Wiſh other of 


a 


8 


whence they are evaporated; 2 collection of which form what we 


ſiome miles above its ſurface, and 1s liable to be put in motion by 
>» various cauſes. Hence, air is a fine elaſtic fluid, and is found ca- 
--  pable of being compreſled or condenſed by cold, and expanded or 


YE earth is endued with a onderful principle of gra vitation, 
wv hereby all its parts arc ſtrictly united together; and all bo- 
dies that are looſe upon it cloſely adhere to its ſurface, tending di- 


| 
| | 
rectly towards its centre. Hence it is, that ſhips are able to fail 
{ 


with the ſame facility every where (void. of impediments). upon 
the ſurface of the ſea, quite round the terraqueous globe; and that 


(as to ſenſe) there is no ſuch thing as an upper or lower part of the 
earth ; for let the inhabitant be in what part ſoever, he will there | 
gravitate towards the earth's centre, and imagine himſelf to be on t 
the higheſt-point of its ſurface ; from whence he will obſerve the t. 
heavens like a large vault over his head, and his antipodes he will t 
imagine to be directly under him, as they will alſo theirs, for the like Nn 
. Teaſon. According to this law of gravity, if the N was at reſt, 
(and not acted upon by any other power) and its parts looſe, or its * 
ſurface all over covered with a deep fluid, it would naturally form W 
itſelf into a true ſphere, or globe, 
Notwithſtanding this power of attraction, yet the ſun, whoſe al 


rays upon the earth cauſe vapours or fumes to be continually riſing 
from it, which muſt partake of the quality of thoſe parts from 


call our air or atmoſphere, ſurrounding the earth, and extending 


rare fied by heat. 

Conſequently, an alteration of heat or cold; happening in any 
part of the atmoſphere, the air. in that part will be either condenſed 
or rarefied, and the neighbouring parts will thereby be put into mo- 
tion, through the endeavour which the air by its elaſticity or ſprin- 
gineſs always makes to reſtore itſelf to its former ſtate, or come to 
an equilibrium. 

Wind, is a ſtream or current of air which generally blows from 
one part of the horizon to its oppoſite. 

'The following obſervations have been made on it, particularly by 


Dr. Halley, which are not unworthy the ſeaman's notice. vx” 


Between 30 degrees north Jatitude, and 30 ſouth. latitude, ta 


. there is a conſtant 821. wind throughout the 25 nz on 


: the 
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the Atlantic and Pacific n and PEE! is calle the Trade 


Vinds. 


For as the fan in moving from eaſt to weſt, beats the air more 
immediately under him, and thereby expands it; the air to the eaſt- 
ward is conſtantly ruſhing towards the weft to reſtore the equili- 


brium or natural ſtate of the atmoſphere, Wien occalions a pergevs 


tual eaſt wind in thoſe limits. 
The trade winds, near theſe northern limits, blow bete the 
north and eaſt; and, near the ſouthern limits, they blow between 


the ſouth and eaſt. 


For as the air is expanded by the heat of the fan near the equator, 
therefore the air from the northward and ſouthward: will both rend 
toward the equator to reſtore the equilibrium : now theſe motions 
from the north and ſouth, joined with the foregoing eaſterly mo- 
tions, will produce the motions obſerved near thofe limits, between 
the north and eaſt, and between the ſouth and welt. [ 

Theſe winds, if the whole ſurface of the globe were ſea, would 
undoubtedly blow quite round it, as they are found to do in the 
Atlantic and Ethiopic oceans; dat ſeeing ſuch great continents in- 
terpoſe and break the continuity of the ocean, regard muſt be had 
to the nature of ſoils, and the poſition of high mountains, which are 


the principal cauſes of the variety of winds difiering from the for- 


mer general one. 


In ſome parts of the Indian ocean there are per winds, 
which are called Monſoons; that is, ſuch as blow half the year one 
way, and the other half the contrary way. 

For air that is cool and denſe will force the warm and rareſied 
air into a continual ftream upwards, where it mutt ſpread itſelf” to 
preſerve the equilibrium; ſo that the upper courſe or current of 
the air ſhall be contrary to the under current; for the upper air 
muſt move from thoſe. parts where the greateſt heat is, and fo b 
a kind of circulation the N. E. trade wind below will be attended 
with a S. W. above, and a S. E. below, with a N. W. above: And 
this is confirmed by the experience of ſeamen, who, as ſoon as they 
get out of the trade winds, immediately find a wind blowing from 
the oppoſite quarter, 

In the Atlantic ocean, near. the coaſts of Abies, at about 100 
leagues from. ſhore between the latitudes of 289 and 10? north, 
Canon conſtantly meet with a treth gale of wind blowing Ren 
tne N. E. 

Thoſe bound to the Caribbee Iſlands acroſs the Atlantic find; as 
Bey approach the American ſide, that the N. E. wind becomes 
calterty, or ſeldom blows more than a point from the eaſt either to 
tie northward or ſouthward, _ 

Theſe trade winds on the American ſide are extended to 209, 
31®, or even to 329 of north Jatitude ; which is about. 4* farther 


tuan what they extend to on the African tide 3 allo to the fouth= 


ward 
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towards the coaſt of Brazil on the American ide, than they do near 
the Cape of Good Hope on the African ſide. 

Between the latitudes of 4 degrees north and 4 ſouth, the wind 
always blows between the ſouth and eaſt: On the African fide the 
winds are neareſt the ſouth, and on the American fide neareſt the 
eaſt. In theſe ſeas Dr. Halley obierved, that when the. wind was 
_ eaftward, the weather was gloomy, dark, and rainy, with hed 
gales of wind; but when the wind veered to the ſouthward, the 
weather general 7 became ſerene, With gentle breezes next to a 
calm. 

Tbeſe winds are ſomewhat changed by the ebene of the year; 
for when the ſun is far northward, the Brazil S. E. wind gets to the, 


ſouth, the 5. E. wind gets to the eaſt, and the N. E. wind on this 
ſide of the equator veers more to the north. | 
Along the coaſt of Guinea, from Sierra Leon to the 3Gand of. 
St. Thomas, under the equator, which is above 500 leagues, the 
+. ſoutherly and S. W. winds blow perpetually ; for the S. E. trade 
wind having paſſed the equator, and approaching the Guinea coaſt, 
within 80 or 100 leagues, inclines toward the ſhore, and becomes 
S8. 8. E. then ſouth, and by degrees, as it comes near the land, it 
veers about to 8. S. W. and within the land it is S. W. and ſome- 
times W. S. W. his track is troubled with frequent calms, and 
violent ſudden guſts of wind, called Tornadoes, blowing from all 
oints of the horizon. 
The reaſon of the wind ſetting in weſt on the coaſt of Guinea 
is, in all probability, owing to the nature of the coaſt, which being 
greatly heated by the ſun, rarefies the air exceedingly, and conſe- 
quently the cool air, from off the ſea, will keep ruſhing in to reſtore 
the equihbrium. | 
| ween the 4th and. 10th bees of north inte, and he 
the langitude of Cape Verd and the eaſtermoſt of the Cape Verd 
Iſlands” there is a tract of fea which ſeems to be condemned to per- 
petual calms, attended with terrible thunder and lightnings, and 
ſuch: frequent rains, that this part of the ſea is called The Rains. 
Ships in ſailing thefe 6 degrees have 3 5 ſometimes detained whole 
months, as is reported. 
The cauſe of this ſeems to be, that the weſterly winds ſetting i in 
on this coaſt, and meeting the general eaſterly winds in this track, 
balance each other, and ſo caule the calms and the vapours, carried 
thither by each wind meeting and condenſing, _ occaſion the almoſt 
conſtant rains. 
The laſt three obs ervations hw the reaſon of the two following, 
which mariners experience in failing from Europe to India, and 
in the Guinea trade. Ihe difficulty which ſhips in going to the 
ſouthward, eſpecially i in the months of July and Auguſt, find in 
OY 


ward of the equator, the trade winds extend 3 or 4 degrees farther 


ſouth, and the N. E. wind to 2 eaſt; and when the iun is . 


— 


W 
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aſſing between the coaſts of Guinea and Brazil, notwithſtanding 


the width of this ſea is not more than 500 leagues : This happens be- 


cauſe the S. EK. winds at that time of the year commonly extend 
ſome degrees beyond the ordinary limits of 4* N. latitude ; and 


beſides, coming ſo much ſoutherly, as to be ſometimes ſouth, ſome- 
times a point or two to the weſt, it then only remains to ply to 


windward. And if on the one ſide they ſteer W. 8. W. they get 


a wind more and more eaſterly; but then there is danger of falling 
in with the Brazilian coaſt, or ſhoals; and if they ſteer E. S. E. 
they fall into the neighbourhood of the coaſt of Guinea, from whence 


they cannot depart without running eaſterly as far as the iſland 
& St. Thomas.; and this is the conſtanP practice of all the Guinea 
ſhips... : Ss 


. 


bending nearly eaſt and weft, the land is to the northward; there- 


fore as the winds on this coaſt are generally between the g. and W. 5 
d with theſe 


S. VV. they are obliged to ſteer S. S. E. or 8, aß 


1 


rn 
a 


courſes they run off the ſhore ; but in ſo doing "they" always find 
> 8 ; 


the wind more and more contrary, ſo that when near the ore they _ 


can lie ſouth ; at a great diſtance they can make no better than S. E. 


and afterwards E. S. E. with which courſes they generally fetch the 
iſland of St. Thomas, and Cape Lopez, where, finding the winds ts 


the eaſtward of the ſouth, they ſail weſterly with it, till coming to 


the latitude of four degrees ſouth, where they find the S. E. wind 


blowing perpetually. | 8 12 x, 
On account of theſe general winds, all thoſe that uſe the Weſt⸗ 
India trade, even thoſe bound to Virginia, reckon it their beſt courſe 


to get as ſoon as they can to the ſouthward, that ſo they may be 


certain of a fair and freſh gale to run before it to the weſt ward; and 
for the ſame. reaſon thoſe homeward bound from America endeavour: 
to gain the latitude of 30 where they firſt find the wind begin to 
be variable, though the moſt ordinary winds in the North Atlantic 
ocean come between the fouth and welt, | : 


* 


Between the ſouthern lats. of 10% and 309 in the Indian ocean, 


the general trade-wind about S. E. by S. is found to blow all the year 
round in the ſame manner as in the like lats. in the Ethiopic Ocean, 
and during the fix months, from May to December, theſe winds 


reach to within 29 of the equator ; but during the other {ix months, 
from November to June, a N. W. wind blows in the track lying 
between the 3d and 10th degrees of ſouthern lat. in the meridian of _ 
the north end of Madagaſcar; and between the 2d and 12th de- 


grees of ſouth lat. near the long. of Sumatra and Java. 
In the track between Sumatra and the African coaſt, and from 
3*of S. lat. quite northward to the Aſiatic coaſt, including the 


Arabian fea and the gulph of Bengal, the monſoons blow from Sep- 
tender to April on the N. E. and from March to October on the 


* 


S. W. 


All ſhips departing from Guinea for Europe, their direct courſe 
is northward; but on this courſe they cannot go, becauſe the coaſt 
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any thing can reſiſt its force. 


* 


Fd 


Ln the former half year, the wind is more/ſteady and c gen · 
| tle, and the weather clearer than in the latter ſix 


onths: and the 
wind is more ſtrong and ſteady in che Arabian ſea than in the Gulf 
of Bengal. ä 

Between the iſland of Madigatear and the coaſt of Africa, and 


thence northward as far as the equator, there is a FN wherein, 
from April to October, there is a cenſtant freſh S. S. W. wind, 


vhich, to the nor rth ward, chan Nges into the W. 8 W. Wind blowing 


© lar time in the Arabian ns 


To the eaſtward of Sumatra and Maluces on the north of the 


equator, and along the coaſts of Cambodia and C hina, quite through 


the Philippines as far as Japan, the monſoons blow norther]y and 
ſoutherly; the northern ſetting in about October or November, and 


the ſouthern about May. 1 heſe winds arc not quite fo certain as 


thoſe in the Arabian Sea. | 5 
Between Sumatra and Java to the weſt, and New Guinea to the 


eaſt, the ſame northerly and ſoutherly ds are obſerved ; but the 


fiſt half year the qonſoons incline to the N. W. and the latter to 
the S. E, Theſe winds begin a month or fix wetks after tote in 
the Chineſe ſeas ſet in, and are quite as variable, : 

Theſe contrary winds do not ſhift from one point to its oppoſite 
all at once; in ſome places the time of the change is attended with 
calms, in others by variable winds; and it often happens on the 
ſhores of Coromandel and China, towards the end of the monſoon, 
that there are moſt violent ſtorms, greatly reſembling the hurricanes 
in the Weſt-Indies, wherein the wind is ſo vattly ſtrong, that hardly 

All navigation in the Indian ocean 3 neceſſarily be eee | 
by theſe winds; for if mariners ſhould delay their voyages til] the 


_ contrary monſoon be gins, they mult either ſail back, or go into har- 


bour, and wait for the changing of the trade winds, 

Vapours riſing, from the ſea, and by the wind carried over low 
lands to the ridges of mountains, and compelled to mount up with 
the ſtream of the air to the tops, where the water preſently precipi- 
tates, gleeting down by the chinks and cliffs of tne ſtones, and part 
of the water entering into the caverns of hills, and gathering into ba- 
ſons, which being once filled begin to run over, and form ſubterra- 
neous paſſages through the earth, breaking out in ſprings by the ſides 
of hills; teveral of tha meeting together form rivulets; ſeveral of 
theſe 8 meeting together make a river. This, together wit! 


what is incorporated into vegetables, renders it impoſſible for all the 


water evaporated {rom the ſea to return to it again. 

Hence the evaporations ariſing from the Mediterranean are ſuch, 
that notwithttanding there are ꝙ capital rivers, which empty them— 
ſelves into it, 3 ſmaller ones, there is a coufiens t current run- 
ning through the Straits of Gibraltar from the Atlantic ocean, to 
make up te ene R. Mean, M. D. and F. R. S. obſerve; 
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heavenly bodies. 2. That the moſt windy ſeaſons of the year are 
about the vernal and autumnal] equinoxes, 3. All the changes we 
have enumerated in the atmoſphere do fall out at the fame times 


ſea and the air of our earth or fluids, are ſubject in a great meaſure 
to the ſame laws of motion, fo that natural effects of the ſame kind 
| are owing to the ſame cauſes. 4. The alteration made by the ſun 
and moon in the atmoſphere muſt thereby have influence on the 
1 animal body. 5. The elaſticity of the air is of great moment, and 
| it is reciprocally as the preſſure, ſo that the incumbent weight be- 

ing diminiſhed by the attraction, the air underneath will be much 
14 expanded; theſe, and ſuch like cauſes, will make the tides in the 
air to be much greater than thoſe of the ocean; and there is no doubt 
to be made, but that the ſame infinite wiſe Being, who contrived 
the flux and reflux of the ſeas, to ſecure that vaſt collection of 


te IM waters from ſtagnation and corruption, has ordered this ebb and 
| | flood of the air of our atmoſphere with the like good deſign; that is, 


to 

in do preſerve it ſweet, and a briſk temper of this fluid ſo neceſſary 
| to life, by a continual circulation. 6; Two contrary winds blow- 

oP ing towards the ſame place, may accumulate the air there, ſo as 


ieh Wl to increaſe the height and the weight of the incumbent cylinder; 
in like manner the direction of two winds may be ſuch, as meeting. 


I. That ſome italy are properly the effects of the T7 of the 


when thoſe kappen in the ocean, and, as both the waters of the 


= at certain angles, may keep the gravity of the air in a middle ſtate z_ 
nes Put if the wind blow different ways from the ſame place (which 
oly 47 be occaſioned by thunder and lightning) the height and 
weight of the air may be much decreaſed. 7. The changes in our 
ed atmoſphere at high water, new and full moon, the equinoxes, &c. 
the muſt occalion alterations in all animal bodies, for all living crea- 
lar-lures require air of a determined gravity to perform reſpiration 
eatily; for it is by its weight that this fluid infinuates itſelf into the 
low Noavity of the breait and lungs: By a flow circulation the ſecretion 
with Nof tbe ſpirits is diminiſhed; 7 by the want of the force of elaſ- 
FEY ticity and gravity, the juices begin to ferment, change the union of 
part their parts, break their canals, and diieaſes follow. 
pa- Beſides the above cauſes, the atmoſphere may be put in motion 
ra. by the elaſtic vapours forced from the bowels of the earth by ſub- 
des Nrerraneous heats, and condenſed by whatever cauſes in the atmoſ- 


pierre. A mixture of effluvia in different qualities in the air may, 


15 vy rarefaction, fermentation, &c. produce winds and other effects 
1 the ike thoſe reſulting from the combination of ſome chymical liquors ; 
nd that ſuch things happen, we are aſſured from the nature of 
ſuch, nunder, lightning, and meteors. From the eruption of volca- 
hem Noes and earthquakes in diſtant places, wind may be propagated 
_ remoter countries. The divided or united torces of the other 
3 lanets, and of the comets, may variouſly diſturb the influence of 
RR. e ſun and moon, &c. We know mat there happen violent 
T_ . 3 | tempeſts 
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regular and uniform manner be expected from it. 


being filled with inflammable or rarefied air, will, when let looſe, 
light as the air within it, where it will continue ſome time. 


with them, as have frequently been {cen in Britain, France, and other 


50 or 60 miles in an hour, and a common briſk gale is about 15 miles 
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by which ſuch bodies fly to thoſe which draw them, is called the 
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tempeſts in the upper regions of the air, when we below enjoy a 
calm, and how many ridges of mountains there are on our globe 
which interrupt and check the propagation of the winds, fo that it 
is no wonder that the phænomena we have aſcribed to the action of 
the ſun and moon are not always conſtant and uniform, and that 
every effect does not hereupon follow: which, were there no other 
powers in nature able to alter the influence of, this might in a very 
That the rarefied air aſcends is ſufficiently demonſtrated by the 
aeroſtatic globe, or air balloon, lately invented; this is a globe 
made of ſilk, or other light ſtuff, made air tight with gum ; which 


aſcend until it comes to that part of the atmoſphere that is nearly as 


. 1 


Some of theſe globes have been made fo large as to carry up men 


arts. ITY 5 Vp 1 5 ö Ph 
Nork. The ſwiftneſs of wind in a great ſtorm is not more than 
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an hour, 
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TIDE is that motion of the water in the ſeasa nd rivers, by tho! 
which they regularly riſe and fall: the general cauſe of which t. 


Was diſcovercd by Sir ISAAc Nu rox, and is deduced from the fol- the 
lowing conſiderations:— Daily experience ſhews, that all bodies, WM ©9u: 


when thrown upwards from the earth, fall down to its ſurface in *ttr: 


perpendicular lines; and as lines perpendicular to the ſurface of any I Half 


iphere tend towards its centre, the lines, along which all heavy bodies I the 
tall, muſt be directed towards the carth's centre. EP | ly ur 
As bodies appear to fall by their weight, or gravity ; the Jaw, b) on 


which they deſcend, is called the law of gravitation : and as a mag- Parts 


net or loadſtone will draw {mall portions of iron or ſteel, and as 2 % th: 
piece of glaſs, amber, or ſealing-wax, when warmed by -rubbing, 
will draw ſmall bits of paper and other light ſubſtances, the lau, 


to ſay, that bodies 


law of attraction. Hence it is not improper 


CES 


TIDES, 


when falling by their gravity towards the earth, are attracted by the 


earth; and therefore, the words gravitation and attraction may, re- 


ſpecting the earth, be uſed indiftcrently, as by them is only meaht 
that power, or law, by which all bodies tend towards its centre, 
Sir IsAAc diſcovered, by a great number of obſervations, that this 


law of gravitation or attraction was univerſally diffuſed throughout 
the ſolar ſyſtem; and that the regular motions, obſerved among 


the heavenly bodies, were governed by it; ſo that the earth and 


moon attract each other, and both of them are attracted by the 


ſun, He alſo diſcovered, that the force of attraction, mutually 


exerted by theſe bodies, was leſſened as the diſtance increaſed, in 
proportion to the ſquares of thoſe diſtances ; that is, the power of 


attraction, at double the diſtance, was four times leſs; at triple the 
diſtance, nine times leſs ; at quadruple the diſtance, ſixteen times 


| lefs, and fo on. 


As the earth is attracted by the ſun and moon, it follows, that all 
the parts of the earth will not gravitate towards its centre.in the 
ſame manner as they would do, if thoſe parts were not affected by 
ſuch attractions. And it is evident, that were the earth entirely free 
from ſuch actions of the ſun and moon, the ocean, being on all ſides 
equally inclined towards its centre by the force of gravity, would con- 
tinue in a perfect ſtagnant ftate, without ever ebbing or flowing. 
But, as the caſe is otherwiſe, the water in the ocean mult needs rife 
or where they have the greateſt attraction. = ; 

As the force of gravity muſt be diminiſhed moſt, in thoſe parts of 
the earth to which the moon is neareſt, or in the zenith, becauſe her 


higher in thoſe places where the ſun and moon diminiſh its gravity, 


| attraction will there be moſt powerful; therefore the waters, in ſuch _ 
places, will riſe higher, and it will in them be full ſea or high- 


water., I he parts of the earth directly under the moon, and alſo 
thoſe in her nadir, vi. ſuch places as are diametrically oppoſite 


to thoſe where the moon is in the zenith, will have high-water at 


> 


the ſame time, For either half of the earth would gravitate 


equally towards the other half, were they free from all external 


attraction, But, by the. action of the moon, the gravitation of one 
half of the earth towards its centre is diminiſhed, and that of the 
other increaſed, In the half-earth next the moon, the parts direct- 
ly under her being moſt attracted, and conſequently their gravita- 
tion towards the earth's centre molt diminiſhed, the waters in theſe 
parts muſt be higher than in any other part of this half-earth. And 
in the haif-earth, fartheſt from the moon, the parts in the nadir 
being leſs attracted by her than thoſe. which are nearer, gravitate leſs 
towards the earth's centre, and conſequently, the waters in thoſe 
urs muſt be higher than they are in any other part of this half- 
earth, = | | . 


Thoſe parts of the earth where the moon appears in the horizon, _ 
is go degrees diſtant from the zenith and nadir, will have their 
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loweſt waters. For as the waters in the zenith and nadir riſe at 


others will move the ſame way, and ſo on to go diſtant from the 
ſaid zenith and nadir ; conſequently the waters, in thoſe places 
where the moon appears in the horizon, will have moſt liberty to 
deſcend towards the centre; and therefore they will, in ſuch places, 
be the loweſt. 
vered the ſurface of the earth, would put on a ſpheroidal, or egg- 
like figure; in which the longeſt diameter would paſs through the 

| place where the moon is vertical ; and the ſhorteſt where ſhe is in 
the horizon. And as the moon apparently ſhifts her poſition from 
_ Eaſt to welt in going round the earth every day, the long diameter 

of the ſpheroid, following that motion, would occaſion the two 
floods and ebbs in about every 25 hours, which is about the length 
of a lunar day, or the time ſpent between the moon's leaving the 
meridian of any place, and her coming to it again. Hence, the 
greater the moon's meridian altitude i isat any place, the greater will 
thoſe tides. be which happen when ſhe is above the horizon; and the 
greater her meridian depreſſion is, the greater will thoſe tides be 
which happen when ſhes below the horizon. The ſummer day, 
and the winter night tides, have a tendency to be higheſt ; becauſe 
the ſun's ſummer elevation, and his winter depreſſion are greateſt: 
this is more eſpecially to be obſerved when the moon has north decli- 
nation in ſuminer, and ſouth declination 1 in winter. 


coming to the me;  idian, but about an hour after. For the moon 
continues to act with ſome force after ſhe has paſt the meridian, and 
by that means adds to the libratory, or waving motion, which ſhe 
put the water into whilſt the was on the meridian ; in the ſame 
manner as a ſmall force applied upwards to a ball, already raiſed to 
ſome herght, will raiſe it ſtil higher. The tides are greater than 
ordinary twiee every month; that i is, about the times of new and 
full moon ; they are called. ſpring-tides. At theſe times the ſun 
aud moon concur to draw in the fame right line; and therefore the 
ſca muſt, under ſuch Joint influence, be more elevated than at other 
times. During the time of their conjunction, or whilſt they are on 
the lame ſide of the earth, they both conſpire to raiſe the water in 
the zenith, and conſequently in the nadir: and when the ſun and 


whilſt one makes high-water in the zenith and nadir, the other docs 
the (ame in the hadir and zenith. Theltides are leſs than ordinary 
twice every month; that is, about the times of the firſt and Jait 
quarters of the moon ; theſe are called neap-tides : becauſe in the 
quarters of the moon, the ſun raiſes the water where the moon de- 
pre ſles it, and depreſſes where the moon raiſes the water; ſo that the 

tides are then cauſed only by the difference of their actions. Hence it is 
: 5 „ bx 8 | | neceſſary 


the ſame time, the adjacent waters will preſs towards thoſe places 
to reſtore the equilibrium; and, to ſupply the places of theſe, 


Hence it plainly follows, that the ocean, if it co- . 


The time of high water is not preciſely at che time of the moon's. 


moon are in oppoſition, that is, when the earth is between them, 


AD oe 6c wi imo... 


fo 


neceſſary to obſerve, that the ſpring-tides happen not exactly at the 


new and full moons, but generally three days after, when the at- 


tracting powers of the ſun and moon have conſpired for a conſi- 


derable time. In like manner the neap-tides happen about three 
days after the quarters, when the moon's attraction has been leſſened 
by that of the ſun for ſeveral days together. — 


When the moon is in her perigæum, or neareſt approach to the 
earth, the tides riſe higher than they do, under the ſame circum» 
ſtances, at other times; for, according to the laws of gravitation, - 


the moon muſt attract moſt, when ſhe is neareſt the earth. The 


ſpring- tides are greater about the time of the equinoxes, that is 


about the latter end of March and September, than at other times 
of the year; and the neap-tides are then leſs; becauſe the longer 


diameter of the ſpheroid, or the two oppoſite floods, being then in 


the earth's equator, will deſcribe a great circle of the earth; by the 
diurnal rotation of which thoſe floods will move ſwifter, deſcribing 


a great circle in the ſame time they uſed to deſcribe a leſs one, paral- 
le] to the equator ;z and conſequently the waters being thrown more 


forcibly againſt the ſhores, muſt cauſe them to riſe higher. | 
The following obſervations have been made on the rife of the 
tides : namely, the morning-tides generally differ in their riſe from 


the evening-tides. The new and full moon ſpring-tides rife to dif- 


ferent heights. In winter the morning-tides are higheſt. In ſum- 
mer the evening-tides are higheſt, Thus it appears, that, after a 


period of about fix months, the order of the higheſt tides are inverted; 


that is, the riſe of the morning and evening tides will change places, 
the winter morning high-tides becoming the ſame as the ſummer 


evening high-tides. Some of theſe effects ariſe from the, different 


diſtances of the moon from the earth after a period of fix months, 
when ſhe is in the ſame fituation with reſpect to the ſun ; for, if ſhe 
be in perigee at the time of the new moon, ſhe will, in about fix 
months after, be in perigee about the time , of full moon. "Theſe 
particulars being well known, a pilot may chuſe that time Which 
will prove moſt convenient for conducting a ſhip out of any port, 
er anc there is not a ſufficient depth of water on common ſpring- 
tices, | | | 


| Small inland ſeas, ſuch as the Mediterranean and Baltic, are 


little ſubject to tides z becauſe the action of the ſun and moon is 
aways nearly equal to the extremities of ſuch ſeas. The tides, in 
very high latitudes alſo, are very inconſiderable: for the ſun and 
moon acting towards the eguator, and always raiſing the water to- 
wards the middle of the roffid Zone, the neighbourhood of the poles 


muſt conſequently be deprived of the waters, and the ſea, within the 


frigid zones, mult be low in compariſon to the other parts. | 
All the things hitherto explained would be exactly obtained, were 
lng whole ſurface of the earth covered with ſea, But ſince there are a 
r | multitude 
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multitude of iſlands, beſides continents, lying in the way of the tide, 
which interrupt its courſe; therefore there ariſe, in many places near 
the ſhores, a great variety of other appearances, beſides the foregoing 
ones, which require particular ſolutions, in which the ſituations of 
the ſhores, ſtraits, thoals, winds, and other things, muft neceſſarily , 
be conſidered. For inſtance ; as the ſea has no viſible pafſage between 
Europe and Africa, let them be ſuppoſed one continent, extending 
from 79? north, to 34? ſouth : the middle of thoſe two would be 
in latitude 19 degrees north, near Cape Blanco on the weſt coaſt of 
Africa. But it is impoſſible the flood-tide ſhould ſet to the weſt. 
ward, upon the weſtern coaſt of Africa, (for the general tide fol- 
lowing the courſe of the moon, muſt ſet from eaſt te weſt) becauſe 
the continent for above 609, both northward and ſouthward, bounds 
that ſea on the eaſt ; and therefore if any regular tide proceeding from 
the motion of the ſea from eaſt to weſt, ſhould reach this place, it 
muſt be either from the North of Europe ſouthward, or from the 
South of Africa northward. ==”, Ts 
This opinion is further at or rather fully confirmed, by 
common experience, which ſhews that the flood-tide ſets. to the 
fouthward along the weſt coaſt of Norway from the North Cape 
to the Naze, or entrance of the Baltic Sea, and ſo proceeds to the 
ſouthward along the eaſt Coaſt of Great Britain, and in its paſſage 
fupplies all thote ports which lie in its way one atter another. Ihe 
coaſt of Scotland has the tide firſt, becauſe it comes from the north- 
Ward to the ſouthward, On the full and change days, it is high- 
Water at Aberdeen at 12 h. 45 m. but at Finmouth Bar not till 3h, 
Rolling thence to the ſouthward, it makes high- water at the Spurn 
a little after 5 h. at Yarmouth Roads a little after 8 h. at Har wich at 
10 h. 30 m. at the Nore 12 h. and at London 2 h. 30 m. all in the 
ſame day. And although this may ſeem to contradict the hypo- 
theſis of the natural motion of the tides being from eaſt to weft, yet 
as no tide can come weft from the main continent of Norway or 
Holland, it 1s evident that the tide we have been tracing, by its 
feveral ſtages from Scotland to London, is ſupplied by that tide, the 
original motion of which is from eaſt to weſt, As water always in- 
clines to the level, it will in its paflage fall to any other point of the 
compaſs, to fill up vacancies where it finds them; and yet not con-, 
tradict, but rather confirm the hypotheſis. | | 1 
While the flood tide is thus gliding to the ſouthward along the , .. 
eaſt coaſt of England, it alſo ſets to the ſouthward along the welt = 
coaſts of Scotland and Ireland; one branch of it falls back, north- 
eaſt into St. George's Channel; and another runs between Uſhant 
and the Lizard, into the Britiſh Channel, Some may object that 
this courſe of the flood- tide, eaſt up the Channel, is quite contrary Niy 
to the hypotheſis of the general motions of the tides being from ealt but if 
to weſt ; and conſequently of its being high-water where the moon biſte x1 
verticle, or any where elſe on the meridian, But it may be a 
—_ | I : 5 Werec 
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wered, that this particular 0 of ws tides does not contradict 
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the general direction of the whole. A river with a weſtern courſe 
may- ſupply canals which wind north, ſouth, or even eaſt, and yet 


the river keep its natural courſe ; and if the river ebbs and flows, 


the canals ſupplied by it would aſſo do the ſame, although they did 


not keep exact time with the river; ; becauſe it would be flood, and 


the water advanced to ſome height in the river, before it reached the 


fartheſt part of the canals; and the more remote the extremity of 


the canals are, the longer time it would require : it may alſo be 
added, that if it were high-water in the river juſt when the moon 
was on the meridian, ſhe would be far paſt it before it could be high- 


water in the remoteſt part of thoſe canals; and the flood would ſet 


according to the courſe of the canals that received it, and could not 
ſet weſt upon a canal of a different poſition. As St. George's Chan- 

nel, the Britiſh Channel, &c. are no more in proportion to the vaſt 
ocean, than ſuch canals would be to a large navigable river; it will 
evidently follow, that the flood-tide may, among thoſe obſtructions 
and confinements, ſet upon any other point of the compals, as well 
as welt ; and may make high water at any other time, as well as 
when the moon is upon the meridian, without anywiſe contradicting 
the general theory of the tides- | 

Among pilots it is cuſtomary to reckon the time of high-water 
by the point of the compaſs the moon bears on at that time, allow- 
ing three quarters of an hour for each point. Thus, in places 
where it is high-water at noon, on the full and change days the 
tide is ſaid to low north and ſouth, or 12 o'clock. In places where 
the moon bears 1, 2, 3, 4, or more points to the eaſtward or weft= 
ward of the meridian, when it is high-water on ſuch days, the tide 
is faid to flow on ſuch a point; fo, if the moon bears ſouth-eaſt at 
high-water, it is ſaid to flow ſouth-eaſt and north. weſt, or 9 
o'clock ; if ſhe bears ſouth-weſt, it lows ſouth-weſt and north eaſt, 
or 3 o'clock; and in like manner for ry other point ot the moon's 
bearing. 1 

From the e of i many pero the times of bie. 
on the days of the new and full- moon on moſt of the coaſts of Eu- 


rope, and ſeveral other places, have been collected; and thoſe are 


generally put in a table, againſt the names of their reſpective places, 
in an alphabetical order; hence it is called the tide- table. 

ike method generally preſcribed for finding the time of high- 
water at any pla. e, is contained in the 9 particularss 


To fund the Elan Fours 


Divide the given year by 4, if nothing remains it is leap- vear, 5 
but if x, 2, or 3 remains, they ſhew that it is ſo many years after 


biſtextile, Or leap- year, as the remaiader | is: thus, in the year 1796 
2 | 5 | divided 
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Iivided by 42 gives 449, and the teile is 00 bers; it is leap 


year . 
7 find the e Nianber * any 7 — 5 | 


Rurk. Add one to the given year, and divide the ſum by 19, the 
remainder will be the golden number. 


A AMPLE. 
. Reguired the Golden Number of 1796 ? 


By adding one to that year, it-gives 1797, this divided by 19, gives 
94. for the r and the remainder is 11, the golden number for 
17 96. 

| T: 2 the Epad = any Harn, 

Norx. The Epact is the moon's age at the beginning of the 

year, or rather the firſt of March. The Epa& advances 11 every Ir 
- year, to 30, becauſe the ſolar year is 11 days longer than the lunar In 
year, and as the Epact increaſes, it ſhews the moon's age at the 
beginning of the year; it is here ſuppoſed, that at the end of 19 

years, the fun and moon make all the variety of ſituations they 


poſſibly can with one another, and thence begin, and go over the 24 
ſame again. The golden number at thebirth of Chriſt was 1, which if 
is the reaſon that ons is added to the given year, to find the golden on 
number. =. aft 
Rutz. Divide the*s! ven year by I9, the remainder multiply by WW fin 
11, and the product will be the Epact, if it does not exceed 29 ; but any 
If it does, ſubtract 3o from it as often as you can, and the remainder [ 


will be the Epact, for it never exceeds 29. 


| EXAMPLE. 
That is the Epadt of the Year 1796 of 


1796 divided by 19, gives 94, and the remainder 10 multiplied by 
11, gives 110; this divided by 30 gives 3, and che remainder 1 is 203 
which 1 18 the Epact for 1796. | 


To. find the Moon Age. 


To the EpaR, add the days of the month, and the Epact, or num- 
ber for the month; the ſum if it does not exceed 30 is her age; but 
it it does, ſubtract 30 from. it as often aFFou can, and the remainder 
is her age. ; 

Norg. The Fpact, or ber for each month, is found thus: di- 

vide the number of days contained between the firſt of January and 
the firſt day of any month, by 2955 the remainder wißt the number 
for that month, 

Required the Number or E pact for Sept: 1796 e "Tx 75s 

The number of days contained between the firſt of January 1796, 
and firſt of Sept. are 244 days, divided by 295, gives 8 for the quo- 
tient, and 8 fol the remainder, en is the nuaiber ſought; and lo 
for any other mouth. | 


EXAMPLE: 


% te. eo, 


ond 


TD Hr , = 
mm 7+ >< 


re in 

Required t the Moon 5 85 7 20, 1796. 3s 

Day of the month 29 | 

Epact for the month 20 I 
Runen for the month „ 12 

; 30)52{L 9 

5 1 

* | | 1 

22 Moon“ s age; N 

Numbers for the months are nearly as follows : : N 8 1 

Jah. Feb. Mar. Apr. May. June. July. Aug: Sept. Oct. Nov. Dec. BY 

In com. years © 2 V-! bv 7 10 8 = 
In leap years O 4 1 3 3 5 5 7.8 9 10 wu 
2 fond the Aoon' s Southing on any Day of ber * 1 | 4 | 
Since the ſun returns to the meridian he has left in the ſpace of __ 


24 hours, and the. moon in about 24 hours 49 minutes; therefore, 


find the time of the moon's ſouthing, or coming to the meridian on 


| 5 
o I 
* . 
2 —— 2 2 
2 2 o 1 
8 FIT 
5 — = ot 
3 


* 


if the moon leaves the meridian at the ſame time that the ſun does, 
on any day, the next day ſhe will come to the meridian 49 mage: 
after him, falling back about 49 minutes every day ; whence :to 


- 5 
4% ur 4 
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any day, we have this eaſy RulE: | a 
Multiply the day of her age by 49, and divide the Protest by 60, 


e 


P * 4 2 # 
. 2 D 
——— — — — 
— 
= : 3 


che. quotient is the hours, and the remainder the minutes afternoon * 
when the ſouths. Or, which is rather eaſter, and in many neee br 
ſufficiently exact for the mariner's purpoſe ; multiply the moon's age 0 
/ 4, and divide the product by 5, the quotient is the hours, and the” ut 
remainder.multiplied by 12, gives the minutes afternoon when ſhe | 8 1 
upon the meridian; but if this time exceeds 12, ſubtract 12 hours | 28 
.:rom it, and the remainder is s the time of her ſouthing in che —_— 
morning. 1 
N. B. From the full moon to the change ſhe comes to iv meri= = 
dian, or ſouths in the morning; ; but from the change to the my in 1 
he afternoon. 5 F = 
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and the remainder ben vs the time of high water ia the alternoon. 


EXA MPLE. 
| Required the Moon' 8 Southing, Aug. 25, x796 ? 


 Thetpatis * 20 Or thus, | 22 
Number for the month is 7 | 4 
Day of the month _ 25 N — 
30 ax „ W N | 
30 Moon's ſouthing 17 36 
| 5 W e 12 CQ 
Moon's age 3 N 8 — — 
| f 2_”F- 


| 6,0)107, 1 | 
Moon's ſouthing 17, 58 afternoon L 8 | 
Subtract. „ 1% "= | 8 ” 
| Moon's futhicg 5 58 in the morn! ng · | 5 8 
Hence it appears that the moon comes to the ſouth at 58 minutes \ 
after 5 in ths morning. „ | | FF; 
T fad . Time of High Water en any Do of the Moon's fee at 
any Place. 
From the obſervations of many perſons, there have been collected Ti 
the times when it is high water on the days of the new and full 
moon, on moſt of the ſea coaſts of Europe, and of ſeveral other Ati 


places, and theſe times are commonly put in a table againſt the 
names of the places in an alphabetical order, for which reaſon, it is 
called the Tide Table: but in this treatiſe, the times of high water 
at full and change days are ſet down after the latitude and longitude 
of each place, in the table of latitudes and longitudes of places. 
RuLe. To the time of the moon's ſouthing on the given day, 
add the time of high water at the full and change at the given place, 
taken from the table; ; the ſum is the hour wes noon on the given 
day when it is high water at that place; and if this hour exceeds 
125 ſubtract 12 from jt, and the remainder ſhews the time of high 
water in the morning; but if it exceeds 24, ſubtract 24 from it, 


EXAMPLE 


l. 


The epat 10 Epact 20 


Day of month 25 . Day of month 12 


Moon's age 20” x Moon's age xt © - 
 Muliphyby.. ge © 5 . 
ee -  - a. 
e 9 ; 2. "eo l 
172 10 — — 


Time at London 3 VV 


Morning : VVV Afternoon 19 29 
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ff Ex aMPpLE II. 9 
At what Time will it be High Required the Time of High Wa? 

Water at London, Auguſt , ter at Dover, October 12, 
„ 17967  -* $90 oe 15 
85 19) 1796094 1410) 1796094 
171 0 171 
86 
76 . 

10 | 10 
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Subtract _ 30 OO I GE 


Afternoon 20 36 Moon's ſouthing 8 59 
Subtract xs * Time at Dover 10 30 


So that it is high water 36 minutes after eight 
in the morning at London. Morning { 7 85 | 


8 2 : — EXAMPLE, 


& 3 | TIDES. : 2 * 


ſun and moon, and alſo on account of w:ats and ſtorms, 
Gut of hearing, which great!y affected the tides, the real time of 
high water at any place will often differ from the computed times; 
therefore pilots, and all concerned, would do weli to uſe the follow- 
ing method, hier will in general give the time of high water within 
half an bajar of the truth, When the tides are not r greatly influenced 


Þy the wind, 


& 


Required the Tis ime of High Water at the Start Point, 28 8. 7587, 


E X AMP LE: 


5 


8 Epact : 20. 
Day of month 3 E 
Num. of month © 
Moon's age 23: 
: A 4 
5)9z 
| i Moon? 8 ſoutbing | 18 24 
Pi ime at Start 6 . 
—ꝛ — | N Hh 
5 24 246 
1 
H. W. afternoon Nee 24 85 „„ IL LOAS 


Hence it appears that it is is high waterat the Start. at 24 minutes in 
the afternoon. 


Coming into a Port and finding that it is High Fu at a certain He: 


to know When it is High Water there on Full and Change Days? 


'RuLe. Find the time of the moon's ſouthing on that day, and | 


ſubtract from it the time of high water at the given place, if you can, 


2 And the remainder will be the time of high water on the full and 


change days of the moon; if you cannot, add 12 hours to- it, and 


ſubtract the above time from the ſum ; the remainder will be the 


time of high water at that port, on the full and change days. | 
This is the method of finding the time of high water inſerted in 


common bodks of navigation, which, at times, will give the moon's 


age, whole days, and the time of fouthing, and of high water, hours 


wide of the th; ; and even if the moon's ſouthing be exactly found, 


et the tides may differ leſs or more from the computed time; for 


the floods do not always happen at-the ſame diſtance of time from 
each other, but at different diſtances, according to the times of the 


moon's age, and her aſpect with reſpect to the ſun; or as the waters 
are ated upon by the ſum or difference of the attractive orc es of the 
even When 


% 


* 
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5. A TABLE for the readily finding the Day of the Month the New Mom will 
amn on till the Year-1900, and conſequently the Mooz's Age for any Day, by 
knowing the Golden Number, according to the Method commonly uſed for 
finding the Moon's Age,—Add I to the given Year, and divide the Sum by 19, 
the Remainder will be the Golden Number, which being marked with a Peucil 
at the top of the 'Table, will ew the Golden Number during that Year, 
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month, on the ſame line, ſtands the day of the new moon ; theh count 


will be her age cn the given day. 


| hours, give the time of high water there in the afternoon of the 


| the remainder will ſhew the time of high-water i in the in 


$42} -- BE "TIDES. 


by { g 


Te 97 of the foregoing Table. 


To find the moon's age on any given day, look in the firſt c- 
Jumn (marked Golden Num.) for the golden number, and under_the 


the days which have completely paſſed ſince the laſt change, and they 


Ta fad the Time of High Water. 


Look for the moon's age in the table of times, and the hours and 
minutes oppoſite to which being added to the time of high water, on 
the change and full days, at any place, will, if it does not exceed 12 


given day; but if it does exceed that number, take 12 from it, and 


E X A M P LA I. 
th what Time will it be High Water at Lode 52 29, 17061 ? 
Oppoſite 11 the golden number, and under April, I find it was 


new moon the 7th day; ; and reckoning for ward ao April 29, gives 


22 days for the moon's age. . 
Againſt 22, in the table of times, ſtand © hikes 36 minutes, to Ri; 
which add F hours, the time of high water at London on the all Sul 


and change days, and that gives 7 hours 36 minutes, the time of 


high water at London in the morning; diftering one hour from that Sur 


= found | in the firſt example by the common method. pos Mo 


EXAMPLE . „ Mo 
Required the Time of High Water at Dover, October 12, 15965 | 


Oppoſite to 11 the golden number, and under October, I find it 
was new moon the 1ſt day; reckoning forward to October 12, | 


find the moon's age is 11 days; againſt II in the table of times F 
ſtand 8 hours and 8 minutes. It 

the time af high water on full and change days at Dover, gives 18 fout! 
hours 38 minutes; from which I take 12, and the remainder o tine 
hours 38 minutcs is the time of high water in the morning at Do- 12, | 


his added to 10 hours 30 minutes, fore, 


ver on the given day, differing from that found in the ſecond exam- 
ple dy the common method 41 minutes. | 


er AM 


bat Time will it be High WW: ater at. Torbay, July 10, 1796 ? 


By the table it was new moon on the 4th day, and reckoning for- 
i 


ward on the 1oth, I find there are 5 days completely paſt. Again! 


8 in the table of times, ftand 3 hours 2 minutes, which added to 


© hours, the time of high water at! orbay, on ful! and change da)) 
gives 9 hours 2 minutes, the time of high water in the. afternoon, on 


the above 55 diſtering from that given by the 93 855 methoc; 
58 minutes. | * 


TIDES. . 


: -To fund the Time of the Moon Alu. 


Ide moon is not yet eome to the full, add the time of her ſouth- 
ing to the time of the ſun's riſing, and the ſum will be the time of 
the moon's riſing in the forenoon; but if the ſum exceeds 125 ſub- 

tract 12, and take the remainder for the time of her riſing in the 
afternoon. But if the moon is paſt her full, then add the time of 
her ſouthing to the time of the ſun's ſetting, and the ſum will be 
the time of the moon's riſing in the afternoon. 
ceed 12, ſubtract 12, and take the remainder for the time of the 
moon's riſing in the morning. 

NoTE. 
it may be eaſily found, having the latitude of the place and the ſun's 


moon, or ſtars, —See Table XXII. 


* & 
At « London, Dec. T, 1792, required the Time of the Moon 3 
. Riſing ? 

Riſing | —z__ — — | 1 00 

dun riſes that gay by the tables at — 3 82 

Sun ſets — — 5 — 3 58 

Moon ſouths that day at — — 2 24 

Moon riſes 3. — 6 22 afternoon 
d it To find the Time of the Moon's Setting. 
% | 
mes Find the time of the ſun's ſn and ſetting by the tables as be⸗ 


tes, fore, and if the moon is not yet come to the full, add the time of her 
: 18 ſouthing to the time of the ſun's ſetting, and the. ſum will be the 
erb time of the moon's ſetting in the afternoon ; but if the ſum exceeds 
Do- WW !2, ſubtract 12, and take the remainder for the time of her ſetting 
am- in the morning. 


And if the moon is paſt the full, add her ſouthing to the time of 


the ſun's riſing, and the ſum will be the time of the moon's ſettin 

in the morning; but if the ſum exceeds 12, ſubtract the 12, ay 
take the remainder for the time of the moon's nn in the after 
oon. 5 : f 8 


EXAMPLE. 


But if the ſum ex- 


If the time of the ſun's ow and ferdiog | is not know 


declination in the table, ſhewing the — ang ſetting of the ſun, | 
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FE 255 London, November 16, 1792, required «a Tims of the « Moog' 


244 | 5 Tips. 


EXAMPLE. 


Setting 
| H. M. 
Sctting | 12 00 
| Sun riles Nov. 16th, by U the "AY at „„ 
Sunſſets 3 — 4 I7 
Moon ſouths Nov. 16th — „ 
es der rem at "PER 5 53 afternoon, 


Norz. The above method may differ half, an hour from the il 1 


time given by the almanacs, 


uſed in other books of this kind, will find a conſiderable difference; 
due ſeldom more, if the ſea is not greatly influenced by tne wind. 
the action of the ſun, which bring them on ſooner when the moon 


raiſed by the moon, and in the latter caſe later, as may be leen | in 
| the table of the ſhifting of the tides. 


In like manner may the time of high water be found at any other 
place. Whoever will compare theſe examples with the methods 


as they. frequently give the moon's. age (ſeveral days, and of high 
water hours wide. of the truth ; z indeed, on account of the irregu- 
larities of the moon's motion, the times of her change may differ 
half a day from the truth; and the time of high water 30 minutes, 


ITbe tides do not always anſwer to the ſame diſtance of the moon 
Gol the meridian at the ſame places, but are variouſly affected by | 


is in her firſt and third quarters; and keeps them back later when 
ſbe is in her ſecond and fourth quarters; becauſe in the former caſe, 
the tides raiſed by the ſun alone would be earlier than the tide 


As the Nautical Almanac is become now of general uſe in love 
voyages, the time of high water at any part of the world may be 


. readily found, if the time making high water full and change be 


3 Known; for in the fixth page of each month is gwen the time of the 8 


moon's paſſage over the meridian of Greenwich every day: this 
time may be reduced to the meridian of any other place, by allow- 


ing 1 hour for every fifteen degrees of longitude. To this time ads 


the time making high water-there, on full and change days, which 
gives the time of high water nearly on that day, if the ſum be les 
than 12 hours; but if above, ſubtract 12 hours, or 24 hours tron 
it; obſerving, that the days in this Almanac * 12 N later 


chan the common day. 


A TasltWit f 


J 
N. and 
N. by E. 
N. N. E. 
ne NN. E. by N. 
jer N. E. 
ds 5 | 
ce; . E. by E. 


gh E. N. E. 
Ag E. by N. 
tes, BY 

| E. by S. 
E. S. * 


8. 8. E. 
S. by E. 
In 


When the Moon bears 
as follows. 


Ey E. |. 0 
OE 
8. E, by S. N. 


| N. * 


Nor E. The Current in the Downs generally runs 72 1 to 
de north, and 54 hours to the ſouthward; at Dover the tide from 
he channel runs northward 74 hours; and from the north 5h. 10m. 
tthe full and change of the moon. 
. N. E. and S. S. W. hourly, 


. 


7 i g Whitby, 


TIDES. 


* 


\ Iſle of Alderney, Gibraltar, Southamp- 


ton, Beachy, Slleerneſs, a Sand called 


at the Mouth of the Thames. 
or 45 minutes paſt 12, Rocheſter, Fluſh< 
3 ing, Malden, Nore. 


Ir 30 minutes paſt 1, Bell Iſle, Tin- 


mouth, Graveſend, Holy head. 


or 15 minutes paſt 2, Berwick, Liſbon, why 5 


St. Andrew's Coquet. 


London, Amſterdam, Bour- 
deaux, Pay of Biſcay. 


1 Breſt, Huntcliff, Iſle of Bas, at the Macs, | 


Scarboroug h. 


: [tn Breſound, Uſkant, Scilly, Cork, C.Clesr. 


Humber Mouth, at the Spurn, Torbay, 
Start Point, 

Hull, Wells, 
Nas dd, Torbay, Dartmouth. 


Briſtol, Portland Road, Lynn, Foulneſs, Foy. 5 
Lizard, Land's End, ain, . 


9 5 Barfleur. 
Eddiſton, Varmouth, 
1 Dublin, Iſle of Ely. _. 
Iſle of Man, Iſle of wight, E. End, Caſ- 
kets, Caen, St. Helen's. | 


12 Foreland, Dungeneſs, Damen 


Shoreham. 


5 Downs, Deal, Dover, 4 Forelapd. 
| Cone Sþ Harwich, Roſe, Pool, Portſ- 


mouth, Spithead, Calais. 


5 { Fiander Wake R. Elbe, Cen 8 9 6 


F landers, Oſtend. 


The tides ſet in the Downs 


utes after two at full and change by the ſhore. 


Pilots reckon 6 hours for a tide, then as Z a tide is 2 hours, 2 


T aBL 


bore, 1 . 


4 


de is 14 hour, and half- quarter tide is 4 of an hour. So that 
it lows tide, half tide, and quarter tide, it is high water at half 
hour after 10 0 clock, e is the caſe in the Downs * the 


* 3 3 


T 


145 


F TabrE of the Bearings of the Moov at the Time of Hith Water, 
nearly with the Times of thoſe Bearings at ' the following . 


Kentich Knock, a Sand called the Swin, "Bhs 


Weymonth, Plymouth, 


It is high water at London 46 mi- 
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LOG-LINE AND HALF-MINUTE - GLASS, 
- 885 AND HOW TO | - i —” 
CORRECT THE DISTANCE GIVEN BY THEM. 


Ry" 
I, * 


r Log is a flat piece of wood like a flounder, or of the figure 


of a quarter of a circle, having its circular ſide loaded with 


lead ſufficient to make it ſwim upright in the water. To this log is 
: faſtened along line of about 150 fathoms, called the Log-line, which 


is divided into certain equal ſpaces, called Knots, each of which 


_ ought to bear the ſame proportion to a nautical mile (60 of which 


make a degree) that half a minute does to an hour, that being the 
time allowed for the experiment. ES ” | 


They are called Knots, becauſe at the end of each of them there 
is a piece of twine with knots jn it, reeved between the ſtrands of 


_ 


the line; -theſe pieces of twine ſhew how many knots run out in 
half a minute, and conſequently the ſhip's rate of failing per 
hour. „ 


Mr. Nox woop, and ſeveral other able mathematicians, have 
found that a degree of a great cirele upon the earth contains about 
307200 Engliſh feet, therefore a nautical mile being the 4 part of 


367200 feet, that is, 6120 feet, and ſince half a minute is 248 part 


of an hour, the length of a knot on the log-line ought to be 
the 425 part of 6120 feet, or 51 feet. But as for the molt part, the 


ſhip's way is found, by experience, to be really more than that given 


by the log, and as it is ſafer to have the reckoning before the ſhip 
than after it, therefore 50 feet may be taken as the proper length 
of each knot, and theſe knots ſubdivided into ten fathoms, each of 
5 feet, which is certainly the beſt adapted for practice, and will cor- 
reſpond with all the tables and inftruments uſed in navigation, as 
they are decimally divided, and conſequently, the ſhip's run deter- 
mined with greater eaſe and certainty. But ſome experienced com. 
manders find, that the allowing 50 ſeet to a knot generally makes a 
ſhip a-head of the reckoning; and to avoid danger moſtly divide the 
lop-lhne into knots of 7 or 7+ fathoms of 6 feet each, to correſpond 
with a glaſs that runs 28 ſeconds. Others again divide the ſeconds 
the glaſs runs by 4, and take the quotient for the diſtance in fathoms 


between the knots ; which of theſe methods are beſt, I leave to every 
captain's own experience to determine; but certain it is, that what- 


ever length the knots are, the molt convenient way is to divide them 
into tenths, | = | 

In hot or dry weather, the glaſs runs out faſter than in moiſt or 
rainy weather ; therefore care ſhould be taken to try what number 
of ſeconds the glaſs runs. | | bo 
0 H_ "The 
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overboard before they beg 


that part of the line between the red rag and the log 
: {tray-line. # 8 f * 3 ; 


from the poop, or lee quarter, and th 
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The length of the log- line formerly uſed, was divided into knots 
of 42 feet, which way of dividing the ſame was founded on the ſup- 
poſition, that 60 miles, of about 5000 Engliſh feet, made a degree; . 
whereas it is abundantly certain, that a degree contains about 73 
ſuch miles. It was therefore to be withed, that no lines fo divided 
were in uſe, but very often cuſtom prevails over reaſon ; and al- 
though mariners find by experience this length of the knots to be too 
ſhort, yet ſome of them, rather than quit the old way, ule glaſſes for 
half- minute ones that run but 24 or 25 ſeconds, which is but cor- 
recting one miſtake by another. „% 

The knots commonly begin to be counted at the diſtance. of ro, 

12, or 15 fathoms from the log, according to the largeneſs of the 
ſhip, that ſo the log may be out of the ſhip's wake when it is thrown 
in to count, leſt the eddies ſhould ſuck the 
log after the fp and 6 * the more ready diſcovery of this point of 
commencement, there is commonly faſtened at it a piece of red rag; 
is called the 


* * 


z 


prepared and hove overboard. 
| | e Tine veered out (by the help 
of a reel which turns eaſy, and about which it is wound) as faſt as: 
the log will carry it away, or rather as fait as the {hip fails from it, 
will ſhew how faſt the {hip has ſailed in the given time, or rate of 
failing per banr. EEE v - R 
The experiment for finding the velocity of the ſhip is called heav- 
ing the log. | „„ . 
Care ſhould be taken to veer out the line as faſt as the log takes 
it, for if the log is left to turn the reel of itſelf, the log will come 
home and deceive you in the reckoning. „ 
In king's ſhips, India ſhips, and ſome others, the log is hove 
exery hour, but in coaſters, and thoſe uſing ſhort voyages, every 
two hours. ; | b Eo Opp Roan 8 
Here the ſhip is ſuppoſed to move with equal velocity between the 
times of trying the experiment. But if the gale has not been the 
lame during the whole hour, or time between heaving the log, or 
if there have been more fail iet, or any handed, that ſo the ſhip has 
run more or leſs in any part of the hour than the did at the time of 
tne experiment; or if it ſhould fall little or more wind at that time, 
there muſt be allowance made for it according to the dilcretion of: 
the artiſt: Sometimes too, when the ſhip is before the wind, and a 
great ſea ſetting after her, it will bring home the log; in {uch caſes 
it is cuſtomary to allow one mile in ten, and leſs in proportion, if 
the ſea be not ſo great. * 1 8 | „ 
Care thould alſo be taken to meaſure the log-line pretty often, 
left it ſtretch and deceive you in the diflance. Os | = 
The like regard inuſt be had, that the half-minute glaſs be juſt 
30 ſeconds, otherwiſe no 9 of the ſhip's way can be kept; 
e . 8 CES to 
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to prove which, if there be no ſtop watch at hand, let a plummet, 


of any form or weight, be faſtened to a ſilk firing or thread, with 


a loop to hang on a ſmall pin or nail faſtened in any place, fo that 


the plummet may ſwing freely; let it be 39+ inches from the end 


of the loop to the middle of the plummet, and the plummet cauſed 


to ſwing; each of thoſe ſwings will be a true ſecond of time, always 
counting every time it paſſes the perpendicular let fall from the pin, 


and every time it paſſes from the perpendicular to the utmoſt ſwing 
will be half- a- ſecond. VTV 


Hero to correct the Diſtance given by the Log-Line and Half. 


* Minute Glaſs. 


The diſtance given by the log may be wrong on three accounts, 
112. by an error in the glaſs, an error in the Jog-line, or an error in 
both; for correcting of which take the following caſes: 


=] AA © 
When the log-line is truly divided; and the glaſs is faulty. 
RULE. Say, as the ſeconds Tun by. the glaſs are to 3o ſeconds, fo 
is the diſtance given by the log to the true diſtance, 5 
. „CC 
Suppoſe a ſhip runs at the rate of 7£ knots in the time the glaſs 


2. 


runs out, but meaſuring the glaſs I find it runs 34 ſeconds ; what is 


the true rate of failing 5 
As 34: 30: 7,5: 6,6 miles, the true diſtance failed in an hour. 


> err UL 
- Suppoſe a ſhip runs at the rate of 6; knots, but meaſuring the 
glaſs I find it runs only 25 ſeconds ; required the true rate of 
falling? | © | %%% ot On 


2» 56 As 25: 30: : 6,5: 7,8 miles, the true diſtance failed in an hour. 


OEM c 
When the glaſs is true and log- line faulty. ; | 3 
Ru LE. Say, as 50 feet is to the diſtance meaſured between knot 
and knot, ſo is the diſtance run by the log to the true diſtance, 
WE EEAMPLE L -- 
Suppoſe a ſhip runs at the rate of 65 knots in half a minute, but 
meaſuring the ſpace between knot gad knot, I find it to be 56 feet; 
required the true rate of failing? +. . Þ 
As 50: 56: : 6,25 ; 7 miles, the true diſtance ſailed in an hour. 
5 3 „„ EXAMPLE, 


i 


EXAMPLE II. 


Suppoſe a a runs at the rate of 65 knots in half a minute; but 
meaſuring the fpace® between knot and knot, I find it to be only 
44 feet; required the true rate of ſailing ? 


hour, 7 


ZN re Res 
When both the log-line and glaſs are faulty. 


diftance run by the log, the product divided by 5 times the meaſured 
time of the glaſs, will give the true diſtance run, | | 


EXAMPLE. ON 


while a glaſs of 2.5 ſeconds 1s running out; what! is the true rate e of 
failing? | 

5 The meaſured length of a knot — — 45 
Multiplied by — - — — 3 
0 | | | AS aa 
Glyes thrice the meaſured Wan of a knot 135 
Which multiplied by the diſtance run per log 5 
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As 50: 44 © 2 655 5572 wiles the true diſtance failed | in an | 5 
RuLe. Multiply thrice the meaſured length of a knot by the 


Suppoſe a "hip runs 5 knots of a log- line of 45 feet to a knot, 


5 : N 3—— : 
18 | | 
. . VVVVVVfä ee % 8 
: | Seconds Len g of 
of Glaſs. Knot: in beer. 
And lividing the produR by 5 times the 4 4 
the time the glaſs runs, that is 5 X 25=125,| 24, | 40,0 | 
of the quotient is 5,4, the number of miles the} 25 41,8 | 
55 thip runs per hour. ad. | | 4358 
r. This rule is only a compound af the twofj 27 } 450. 
| former fuople ones, which is contracted a 28 46.8 
little. % - 
; When the glaſs is faulty, the logins -- *J 7 
-not may be divided as in the annexed table, 23 
Wl fiewing the length of the knots of the log- 5 | 2 
ine of different e e, 4 m_ 
ä | 575, 
but | 
feet; 
Ir 
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ARE DESCRIPTION AND USE OF 
A ADLETS OCTANT, 


„ , 
5 


COMMONLY CALLED 


HADLEY's QUADRANT, 


\ 


. inventor of this noble inſtrument is diſputed; ſome ſay 
LJ it was firſt invented by one GopFREN, in Philadelphia, and 
that Mr. HA DLE, then an officer in the royal navy, pirated it from 
him, and brought it to England, who being the firſt that made it 
public, it {till bears his name. How far this is true I cannot ſay, 
but certain it is, that two men in different parts of the world may 
hit upon one invention at the ſame time, 5 
This inſtrument is now ſo much improved, that angles, whether 
vertical, horizontal, or any other poſition the objects happen to be 
in, may be taken to ſuch a degree of exactneſs, that people unac- 
quainted with the uſe of it would ſcarcely think it poſſible. 
The principles of this admirable inſtrument have been ſo well de- 
monſtrated by other hands, that a repetition thereof here ſeems to 
me unneceflary; I ſhall therefore content myſelf with giving a ſhort 
deeſcription of it, and its ule in navigation. „„ 


The principal Parts of the Inſtrument are, 
The Index D i | | 
The Index Glaſs E | 

The Horizon Glaſſes Gand F 

The Dark Glafles, or Screens H 

The Sight Vanes K and G. 
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The graduated arch B C contains only 45 degrees, or is the 8th 
art of a circle, but it is to be eſteemed as 90, and fo divided, be- 

cauſe by the double reflection the angle is double. 
The diviſions run o, 10, 20, &c. to 90 as in the figure, each de- 
gree is divided into 3 parts of 20 minutes each, which by the help 
of the vernier, or diviſions on the index, is again ſubdivided into 
minutes of a degree, thus: C V 
de index D is a flat bar moveable on the centre of the inſtru- 
ment; that part of the index that flides over the graduated arch, 
3 | having the firſt and laſt diviſions thereon correſponding to thoſe on 
4 the arch, is called the Vernier or Nonius, and which divides every 
ſub-diviſion on the arch in minutes; thus, 7 diviſions on the nonius 
being divided into 20 parts, it is evident the difference between 
the hiſt diviſion on the arch and on the nonius is , of one of the 
ſub-diviſions on the arch, or 1 minute, becauſe 7“ there is divided 
into 21 parts, being one in 20 greater than on the arch, The diſ- 
„ | | — terence 
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f-rence of the two firſt diviſions will be 2 and the difference of the 
three firſt 3, and ſo on; hence it will ariſe, that in whatever divi- 


ſions on the vernier and arch cut one another the neareſt, the ver- 
nier will indicate how many minutes above the next ſub- diviſion ac- 
cording as it is numbered to right or left thereof. On the bottom 
of the index againſt the back of the arch is a ſcrew made to fix faſt 
the index when required, | — 

The arch, as before obſerved, is divided into 90 degrees, num= 
bered o, 10, 20, 30, &c. and each degree into 3 parts, each 20 mi- 
nutes, and is to be read thus: 1d. — id. 20m. - id. 40m. 2d.— 2d. 
20m. — 2d. 40m. 3d. &c. obſerving to read to the diviſion that the 
o, or diamond-like point, of the nonius laſt paſſed over; then the 


nonius will give the number of minutes more, to be added to the 
diviſion laſt paſſed by the nonius. Thus, ſuppoſe the o, or A of 


the nonius has paſſed over 15 degrees and two patts or 15d. 40m. 
and ſtands ſomewhere between 15d. 40m. and 6d. then obſerve what 


diviſion or line on the nonius coincides with any diviſion or line 


on the arch, that number on the nonius will be the minutes to be 


added to 15d. 4om. Suppoſe 15 on the nonius touches ſome divi- 


ſion on the arch, then I5m. mult be added to 15d. 40m. and the 
angle or altitude meaſured will be 15d. 55m. | | | 
The index glaſs E is a piece of glaſs truly ground, ſilvered on 
the back, and fixed in a braſs frame, perpendicularly to the index; 
its uſe is to receive the rays proceeding from any object, and reflect 
them to the horizon glaſſes Fand G; at the back of the braſs frame 
of this glaſs are two ſcrews, ſerving to adjuſt the frame perpendicu- 
karly to the index. | 5 T Te 
The horizon glaſſes F and G are ſmaller pieces of ground glaſs, 
one part of which is ſilvered and the other part open or unlilvered, 
in order to look at an object through it; theſe are ſet in frames and 
placed perpendicularly on the limb at G and F; their uſe is to re- 
ceive the rays of any object reflected from the index glaſs, and again 


to reflect thoſe rays to the eye through the holes of the ſight vanes 


Py᷑̃ adjuſt the Quadrant. 
Firſt, The index glaſs muſt be perpendicular to the plane of the 


quadrant, which if not, you may thus diſcover; hold the plane of 
the quadrant in an horizontal poſition, with the index glaſs near the 


eye; look right down the quadrant in ſuch a manner as to ſee the 


arch of the quadrant direct, and at the ſame time reflected by the 


index glaſs; then, if the arch ſeen direct together with its reflected 


image appear to be in one line, the index glals is truly adjuſted, if 


not it muſt be rectified by means of the ſcrews placed at the back f 
the index glaſs; it is caſy to diſcover which way the inclination is 
by preſſing the index glaſs with your thumb while you obſerve the 


arch, 


axis 
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Secondly, The axis of the horizon glaſs muſt be parallel to he 
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the tun's c::itre. 


DESCRIPTION AKD USE 


axis of the index alaſs, if not the error is ally 8 and rec- 
tiſied in the fore horizon glaſs when the index i is adjuſted, thus : 
bring O on the nonius nearly to O on the graduated arch, and look 
directly through the ſight vane at the moon or any bright ſtar, fo 
as to ſee the reſlected image in the horizontal glaſs, and the object 


at the-ſame time through the unſilvered part; then move the index 
backwards and forwards ſlowly, and oblerve if both images coin- 


eide or paſs behind one another, which if they do, the axis of both 
are parallel, which if not you ſhould nicely adjuſt by the two {crews 
placed on the top block of the horizon glaſs, 


If a ſmall piece of coloured glaſs ſet in braſs be made to turn 
round to the fight vane occaſionally to guard the eye, and the ſcrews 


turned back, the ſame correction may be made _ uſing the ſun in- 


Noad of the moon or ſtar. 55 


To take the Altitude of the Sun 5 the Fore Obſervation. 

The ſurꝰs i image at any time, when not much obſcured by clouds, 
may bs feen as reflected from the unſilvered part of the horizon 
glaſs, by looking through the hole in the ſight vane ; having put 


the ſcreens down to guard the eye, hold the inſtrument vertical, and 


turning towards the ſun, direct the ſight to that part of the horizon 
beneath the ſun, and moving the index you may bring down the red 
image of the fun towards the horizon: if the fun's image ſhould be 
faint you may turn back the ſcreens, and you cannot mils it. 
Having brought down the ſun's image near the horizon, ſwing 
the quadrant backwards and forwards, making your eye the centre 


of motion, and keep moving the index at the ſame time till the 
ſun's lower edge juſt touches the horizon, and you will have the 


apparent altitude of the ſun's lower limb upon the arch of the 


quadrant. at that inſtant. But this altitude is greateſt at twelve 
o'clock, when the ſun is on the meridian, from which the latitude 


is determined; much time will be ſaved if you have a good watch 


well regulated to tell you within a minute or two when to begin your 


obſervation, but this apparent altitude requires the four ene 


corrections : : 


Eirit, The index error, if any, to be added or ſubtracted, 

Secondly, The dip of the horizon. 

' Thirdly, The ſun's ſemi-diameter and refraction. 

"Theſe four correctious are neceffary to find the true altitude of 
the ſun's centre nearly, the correction of the ſun's parallax being 
ſo ſmall, that it may always be neglected in determining the 
latitude. 

The back een is managed the ſame as the fore obſervation, 
only your back mult be turned towards the ſun, and the ſcreens 
ſhitted to the back horizon glaſs, remembering to fubtract the ſun's 


ſemi- diameter (if the apparent lower limb be taken) and add the dip, 


tubtracting the effect of refraction and you will have the altizuce of 


| The 


- 
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The correction for the index error is thus: Turn Jo the ſmall | 
knob of braſs, placed on the limb, to hinder the index from going 


off the arch, as it may be in the way. This correction may be 


accurately eſtimated by taking the diameter of the ſun, moon, or 


any object before and behind O on the arch; that is, bring the up- 

limb of the object to coincide with the lower, and note the an- 
gle, then take it on the extra arch, as it is called; that is, bring the 
lower limb to coincide with the upper, and note the angle, half the 


difference of theſe two angles will be the true correction of the index 
error. a 


F 


Suppoſe the ſun's diameter meaſures 36 on the arch and 28 in 1 the 


extra arch. The difference is 8', half which is the error to be ſub- 
tracted, bers the diameter meaſures more on the arch, or gives the 


ſun's diameter too much, but had the extra arch given the greater 


angle, the error would have been additive. 


To take the Altitude of the Mom. 
The moon's e may be taken either by the fore or back ob- 


* 


ſervation exactly in the ſame manner as the ſun's altitude, only i nere 


you muſt bring the edge of the moon into contact with the horizon, 
which is round and well defined, whether that be the upper or under 
edge: the correCtions to be applied to the obſerved altitude are as 
follow : 

Firſt, The index error as before directed. 

| Secondly, The dip to be ſubtracted i in the fore obſervation; a to 
be added in the back obſervation. 


Thirdly, Semi-diameter to be found in the nautical ephemeris for 


every noon and midnight at Greenwich; if very great accuracy is 
required this ſemi-diameter muſt be corrected for the intermediate 


time: which being added to, or ſubtracted from the obſerved alti- 


tude, will give the apparent altitude of her centre. 


Fourthly, Parallax and Refraction. The moon's horizontal pa- 
rallax for every noon and midnight at Greenwich, is to be found in 


the nautical ephemeris. This muſt be corrected for the intermediate 


time; then take the proportional logarithm of the moon's horizon- 


tal parallax out of the nautical almanac, increaſe its index by 10, 
and ſubtract the log. co- ſine of the moon's apparent altitude from 
the ſun; the remainder will be the proportional logarithm of her 


parallax i in altitude; from which take the moon's retraction, (table 


5) and the remainder will be the correction of the moon's altitude, 
which being added to her apparent altitude, will give the true altitude 
of her centre. | 


To take the Altitude 9 a Sear by the Pore Otfervation, 


Set the index at O, and holding the plane of the quadrant verti- 
cal, 5 dire the ſight to the ſtar, and at the ſame time 1 for the 
35 | re- 
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reflected image 11 the ſtar in the filvered part of the horizon glaſs; 
move the index a little, which will ſeparate the reflected image from | 
the direct i image, the former will be eaſily diſtinguiſhed from the 
latter by its motion, when you {tir the index; continue to advance 
the index, and at the ſame time follow the reflected i image of the ſtar 
with your eye, directing the ſight lower and lower, and changing 
the poſition of the quadrant or octant, as the image of the ſtar de- 
ſcends, till you have brought it down to the horizon, the index will 
then ſhew the obſerved altitude of the ſtar. The coriections to be 
applied to the obſerved altitude of the ſtar are: Firſt, the Index Er- 
ror; ſecondly, the Dip, theſe two give the apparent altitude; ; thirdly, 
the Refraction, which gives the true altitude; the fixed ſtars have 
neither ſemi-diameter nor parallax worth notice. 

In taking the altitude of a ſtar, or the moon, by night, always 
get as near the water as poſſible; in eaſy weather a grating may be 


Tung over the ſhip's ſide, and an obſerver fit upon it to take the al. | 

titudes; the tame may be done to take the altitude of the ſun in an ; 
hazy horizon; for the nearer the eye is to the ſurface of the water, 

the nearer the true horizon will be to the eye. 0 

5 al 

Advice to & eamen in ihe Choice of their Quadrants or . aj 

ob 


| The joints of the frame muſt be cloſe, without the leaſt opening 4 
or looſeneſs, and the ivory on the arch and nonius inlaid and fixed, i 
ſo as not to riſe at the ends, nor above the plane of the inſtrument; 
all the diviſions on the arch and nonius muſt be exceeding fine and 
ſtraight, fo that when the index or nonius is ſet to any diviſion on \ 
the arch, the divitions on the line that coincides may appear diſtind, lab 
for only the firſt and laſt ling on the nonius will coincide wit! 

the other lines upon the arch, if the quadrant is well divided; like Tot 
wiſe try in different parts of the arch, if the nonius, or index Plate 
cuts regularly in order with thoſe on the arch; if they do not, tic 


divitions are bad, and the quadrant ought to be rejected. = 
; Again, look into the great ſpeculum or index- glaſs ſlant- ways 1 
holding it about ten or twelve inches from the eye, and obſerve tie g 


image of ſome diſtant object; ; if the i image appears clear and diſtin; 
in every part of the glas, the ſpeculum is good; but if it appea! 
notched, or drawa with ſmall lines, the glaſs is veiny, and mutt | no, 
rejected; if more images than one of the ſame object are ſeen, | ＋ 
' ſhews that the two ſurfaces are not ground parallel; the other ſpe frac; 
culum may be examined in the ſame manner. 5 , 

Obſerve the ſun, or a candle, through the dark glaſſes Trend ee 
ho 1ding the glaſs about eight or ten inches from the eye; if they a © vis 
veiny the- object will appear notched at the edges, but if clear a 


well defined, the glaſſes are good, F 
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Moſt ch prefer black ebony, on account of its RE ; but I 
have found by experience, that es mahogany takes the glue and 
ſtands the heat better. : 

Quadrants, like watches, may appear well to the eye, and yet be 
good for little; it is therefore much better to give two guineas and 
an half, or three guineas, for a good one, that will laſt a man for 
lite, chan purchaſe thoſe wretched inſtruments made up at a low - 
price, which cannot- we depended on. 


PO 


07 the Dip and Refraftion. | 


The rays of light i in paſſing through the atmoſphere a are bent out 
of their ſtraight courſe into a curve line ; and hence it happens that 
all the heavenly bodies, except when they are in the zenith, appear 
higher than they ought to do, and ſo much the more the nearer they 
are to the horizon. This apparent elevation of the heavenly bodies 
above their true height is called the refraction of objects; and the 
quantity or effect of it, according to the different altitudes of ob- 
jects, has been carefully obſerved by eminent aſtronomers, and muſt 
always be ſubtracted from the apparent altitude, but added to the 
apparent zenith diſtance of an object with whatever inſtrument the 
obſervation is made, in order to obtain its true altitude or zenith 
diſtance. 

That the cores of obſerved altitudes of objects, both on ac- 
count of the dip of the horizon and the refraction of their light, 
may appear at one view, they are both eee together in che 
tables. 5 | bo 
To work an Obſervation, or to find the Latitude of a Plac e, by the Tables, 

of the Sun or Star” s Declination and the Zenith D. itance, 


The latitude of any place is its diſtance from the equator, 1 
north or ſouth, counted in degrees, &c. upon an arch of the me- 
ridian, contained between the zenith, or that point directly over 
your head and the equator. It can never exceed go degrees, and 
is found by taking the altitude or height of the ſun or ſtar above the 
horizon of the ſea with a quadrant, when on the meridian, or due 
north or ſouth of the place of obſervation. 

This meridian altitude, corrected far dip of the horizon, and re- 
fraction, and 16 minutes the ſun's ſemi diameter added thereto, 
gives the altitude of his centre, which being ſubtracted from 900, 
gives the zenith diſtance or the number of degrees, &c. the centre 
of the object is from the point over your head; with which, and 
knowing how far the object is to the north or ſouth of the equator, 
which is called declination, the latitude is found by the meridian al- 
titude of any celeſtial object, as follows: 

Firſt, If the ſun or ſtar be ſouth when obſerved, call the zenith 


lftance ſouth ; but if north, call it north, 


U2 tl : Then 
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in the north, and hath north declination, or to the ſouth and hath 


latitude is of the ſame name with declination ; but if leſs, of a con- 


a a contrary name to the zenith diſtance. 


the latitude, and of the ſame name as the declination is of, For itis 
evident, that as they are equally diſtant from the equator, and on the 


156 7 DESCRIPTION AND USE 


Then if the Tuch 5 and declination be of contrary 1 names; 5 
that is, if the ſun or ſtar comes to the meridian in the north, and 
hath ſouth declination, or to the ſouth, and hath north declination, 


the zenith diſtance, added to the declination, gives the latitude of the 


place of obſervation ; and of the ſame name the declination is of, 


whether north or ſouth. 
Secondly, When the zenith diſtance and declination are of the 


ſame name: that is, when the ſun or ſtar comes to the meridian 


ſouth declination, ſubtract the leſſer from the greater, and the re- 
maihder is the latitude ; and to know whether it is north or ſouth, 


obſerve this general rule : 
When the declination is greater than the zenith diſtance, the 


trary name. 
NorTEe, Firſt, When the ſun or ſtar is on the equator, or hath no 


declination, the zenith diſtance is the latitude of the place, and of 


Secondly, When the ſun or ſtar is in the zenith, the declination i is 


fame ſide of it ; conſequently, if the declination be north, the latitude 


will be alſo north, and if ſouth, ſouth,  _ : | 
s [. I. DOTY II. | va 
Being at fea May 27, 179g, the | Being at ſea 24th July, 1 6, mee 32 
bun 8 meridian alt. was 2 o be rae Auen of the ſun 1796, w 
7? 35', and it was ſouth of me, what being north of me, aired the lati- B 
Lia was 1 in? tude in? the 
b o i 3 5 90 © o. 
Meridian altitude 7 $7 35. Meridian 3 % iN 
Zenith Aae = 32 258, Zenith diſtance = 62 47\N, 
Sun's decli. in table for N Sun's decli. in table . N 
| May 9 - | ; for July 24; | 1 e 
Latitude i in . N. iT aticade' 8 oc 5 
ExamyLe III. wn oy ExaAMP LE IV. ks 
Being at ſea January 14, 1796, the Being at ſea the 44th of May, 1796, 
ſun's mer. altitude was found 722 17'{[1 obſerved the bright ſtar Fomalbau 
ſouth, what was the latitude of the 27“ 21' above the horizon of the ſez 
place of obſervation? {and it was ſouth of me, required the 
| go%00' latitude in? 

Meridian altitude 72 17 „„ g0%0d ue 
| . Meridian altitude = 27 21 >... 
Zenith diſtance = 17 43 8. | „ ͤ ( 
Sun's decli. Jan, 14, is 21 18 S. Zenith diſtance 612 39H eelin 

— | Fomalhaut's declination 30 42 it 
Latitude i in = 2 30. I. | „ wallty 
In this caſe, it is plain the öbſer- Latitude in © = _ 31 57 
ver was between the ſun and „„ N 
4 | Nor 


tor. "ie | 


s 


* : * 


0 3 * * 
, a- 0 I 3 
9 - 
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Nor. The declination here is fitted to the year 1796. 7 
The foregoing rules are for obſerving by the ſun or ſtars when 
they are at the greateſt altitudes, or upon the meridian above the 
pole, but as in ſome parts of the earth the fun does not ſet for ſe- 
veral days, and fome ſtars never ſet, in that caſe they may be ob- 
ſerved upon the meridian twice in 24 hours; that is, once at their 
greateſt height as before, and again when they are at.the loweſt or 
upon the meridian below the pole, to work which obſervations, take 
the following | „ „„ | | 

RuLE. Add the complement of the declination to the meridian _ 
altitude, the ſum is the latitude of the ſame name with the declina- 
tion. | 


EA MP J--£- Vo >: : 
At ſea I took the altitude of the north pole ſtar, when on the me- 
ridian below the pole, and found it 46 21; required the latitude? 
+ Meridian altitude 46? 21N. 
Compl. declination 11 


The latitude in = 48 8 N. | 
In the following examples the corrections for dip and refraQtion 
are introduced : by e . ö 


Nor. As all the calculations are for 1796, thoſe that coach by . 
this book will do well to furniſn themſelves in time with the above 


5 Amas e ge! oF 
1 B EXAMPLE VI. 7 ExXAMPLE VII. 1 5 N > 
ati By a fore obſervation, the alt. off Suppoſe the eye of an obſerver at _ ü 


the ſun's lower limb was found by zy feet above the water ſhould with 

ot Hadley's Quadrant to be 40? 20' S.|Hadley's Quadrant, by a fore ob= 
N. when his declination was 9 56“ N. I ſervation, find the alt. of Sirius gg% 

> the eye being 30 feet above the ho- 35 S. when it paſſed the meridian, _ 
N rizon ; required the latitude of the having before-hand ſet his watch, and 


place? | | found the time of Sirius's paſſage ; 
2 N. Obl. alt. ſun's lower edge 400 required the latitude of the place of 
_2. Lemi-diameter to be added 16 [obfſervation? 

6 Los ——|[Obf. alt. of Sirius _ 53%z5" of 

5 App, alt. ſun's cente 30 36 Dip of hor. to be ſubt. og 39 
5 Dip. of ho. to be ſubtracted ' og „ . 
#10 | | . App. alt. above hor. 53 29 21 
\c ſer, App. alt, corrected by dip 40 31 ]Refraction to be ſubt. Bo 42 


<4 e Ketraction to be ſubtracted or. | 5 
5 5 Rk bo —— | True alt. of Sirius 53 28 39 
Ine alt. of ſun's centre 40 30 | | 


Sed ER + 6 True zenith diſtance 36 31 218. 
Zenith diſtance 49 305. [Sirius's declination 16 26 478. 

5 eclination 0 9 56N. . — 

30 9 5 Latitude - N., 

420 Latitude 59 26N.] is 2 . 

1 5 | 
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ley's Quadrant, the app. alt. of the 


his declination was 2114 S. and the 


App. alt. ſun's centre 24 8 
Dip. of hor. to be added 06 


Refraction to be ſubtrafted 02 


True alt. ſun's centre 
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FJ Exanrse VIII. = 
By a back obſervation with Had- 


ſun's lower edge was 25 12'S. when 


eye 40 feet above the horizon; in 
what latitude was the obſervation 
made ? | | | 
Obſ. alt. fun's lower edge 
Semi-diam. to be ſubtracted 16 


App. alt. correct by the dip 25 02 


25212'S.! 


{| 20m. paſt noon at London. 


o . 
ES 7 | ; 
4 4 


| ExAMrLE IX. 
Suppoſe on the 12th June, 1796, 
an obſerver in an high northern lat. 
and 65% weſt of London, his eye be. 
ing 28 feet high, obſerved the alt. of 
the ſun's lower limb on the meridian 
below the pole to be 8? 15'S. by a 
fore obſervation with Hadley's Quad. 
rant; required the latitude ? 

The ſun being obſerved below the 


pole, it muſt have been at 12 hour, 


paſt noon at the place of obſervation, 
and that place being 65? W. of Lon. 


don, therefore 1t muſt have been 16h, 


* June 12, 1796, the ſun's declina. 


Complement ſun's declination — 


Latitude in — 


25 00 [tion 239 13' 56" the daily variation 
| is 3' 12": and as 24h..::3'12” :: 16h, 
True zenith diſtance 65 oo S. 200: 2' 11”, which added to 230 13 
Declination 21 148.46“ (becauſe the declination is increaf. 
5 N — ing) gives 23016, the ſun's declina- 
Latitude 43 46N. I tion at the time and place of obſeryas 
7 | 35 tion nearly, | Es 
N App alt. ſun's lower limb — 80 158. 
Semi diameter added 1410 
App. alt. ſun's centre „F To 
Dip horizon ſubtracted — "05 
| Sun's alt. corrected by dp  — 8 26 
Refraction to be ſubtracted — 06 
True alt. of ſun's centre — 8 208. 


66 44N, 


8 — 75 04N, 


k 5 - 
4 


Or THE VARIATION or THE COMPASS, 


— — anne mrs 


| THE variation of the compaſs 


tained between the meridian of the place and the magnetic 
meridian, and is either eaſt or welt ; or it is the number of degrees 
&c. the needle's point ſtands from the true north or ſouth points 


* See Nautical Almanac for 1796. 


is an arch of the horizon con- 


don = 4 hours 20 later than at Lon 


7 8 


of the horizon, reckoned to the eaſtward or weſtward, and is readily 


the ſun” 8 apron or by calculation, as follows: 


the true amplitude? 


or THE VARIATION OF THE cou se. 159 


found either from We ſun's amplitude or azimuth. 


To find the true Amplitude. . 


The ſun's true amplitude is an arch of the horizon, comprehended 
between the true eaſt or weſt points thereof, and the centre of the 
ſun at its riſing or ſetting; or it 1s the unn of degrees, &c. the 
ſun riſes or ſets to the northward or ſouthward of the eaſt or weſt 
points of the horizon. | 

The ſun's magnetic amplitude is the Saber o degrees, Ke. the 
centre is northward or ſouthward of the eaſt or weſt points of the 
compaſs at his riſing or ſetting, and is found with an azimuth com- 
paſs in the following manner : 

Having placed the azimuth compaſs. in a convenient part of the 
ſhip, look directly through the ſight-vanes at the ſun's centre; and 
when the ſun's lower edge juſt touches the horizon, ſtop the card, 
by a ſtop which is placed on the compaſs for that purpoſe ; then the 
quantity of degrees and minutes contained between the eaſt or 
welt, and the north and ſouth points of the compaſs will be the mag- 
netic amplitude. | 

The true amplitude is found either by inſpection i in the tables of 
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RULE. As the fine complement of the latitude. 
Is to radius, fr 
So is. the fine of the ſun or ſtar's decline FT 
Jo the fine of the true amplitude: 
| Which i is always of the ſame name with the declination, whether 
north or ſouth, N 
Or, to the ſecant of the fatitude, (rejefting the index) add the 
log. fine of the ſun's declination, the ſum will be the log. fine of the 
true amplitude. | 
Nork. The arithmetical complement of the co-fine of any arch 
is always equal to the ſecant of that arch, throwing away radius, 
or neglecting one, which ſtands the. firſt figure in the ſecant's in- 
dex; like wiſe the arithmetical complement of the ſine of any arch, 
i3 the Eo. ſecant of that arch leſs radius, or the firſt figure of its in- 
dex : Wherefore, the arithmetical complement of the fine or co-fine 
of any arch is found in the table of ſecants by inſpeCtion, 


| EXAMPLE 13 8 
On the 20th of October, I 796, in latitude 57? 32'N, 1 demand 


As ſine com. lat. Fn 32 9070383 3 chos: 2 | 
Is to radius 10.00000|[Lat; $51232'N. ſecant | 3 
So is ft, ſuy's dec. 10 43 S. 9.26940 Decl. 10 40 S. log. fins 9.26940 


det fire mme; if a 24 9.47557 True amp. 17 248. = 9 
| | | — ExamyLe 


/ 


Fo 160 OF THE VARIATION OF THE COMPASS» 


_— 


EXAMPLE. JE 


_ declination is 18? 59 N.? 


As fine com, lat. 380 25 9.89405 
Is to radius 10.00000 
So is fine ſun s decl. 18 59“ 9. $1227 


Or has. : 


Lat. 38 22'N. ſceant o. 10595 
Decl. 18 59 N. log. line 9.51227 


To ſun's true amp. 249 32' 9.61822 


* 


Log. fi. 24 32' true _ 9.61822 
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To find the true Amplitude by the Table of Amplitudes. 


Look for the given declination at the top of the table, and the 
latitude in the firſt column on the left hand, in the common angle 
of meeting, will be the degrees and minutes of the amplitude re- 


Juired. 
EXAMPLE I. 


Inn latitude 40 N. when the declination was 175 N. e te 

ſun's true amplitude at ring! Eo. 

Under declination 15?, and right b the de: 4, ſtand 

22 26' the true amplitude, and is to be counted from the eaſt to- 
4: TH ' wards the north, becauſe it is at the ſun' $ riſing, and the 8 

r tion is north; that i is, E. 229 26 N. 

' 8 But when the latitude is given in degrees, and the r in 
degrees and minutes, find the declin at the top as before, and the 
neareſt degrees to the given latitude in the left=hand column, againſt 
which, and under the given declin. ſtands the true amplitude; or, 
if the minutes of the declination be near 30, or half a degree, find 

the amplitude for the given degrees of declination, and the ampli- 
tude for one degree above it, add theſe two amplitudes together, 
half their ſum will be the true n ſufficiently exact for prac- 
tice at (Ca. 


2% 
— 


EXAMPLE II. 


© Suppoſe I would know the ſun” 5 true amplitude at his ſetting in 
Kritude 5755 his declination being 11? 33 8. 
Find the ampl. as be fore for the 20 29 
Hs If” , 24 the decem: $ 12 | {which my be : 2 18: 
— 
Their 5 42 "44 
Half the ſum 21 22 Is 
the true amplitude: that i is, W. 21% 22 S. becauſe at ſun ſetting, 
and the declination ſouth. In like manner, if the declination be in 
degrees, and the latitude in * and minutes, as in 


PR 
* 


EXAMPLE 


In latitude 382 5, N. what is the ſun” s true amplitude e when the 


a or THE VARIATION or THE n 


EXAMPLE III. 


Suppoſe i it were required to find the ſun's true amplitude at ſetting 
in latitude 49% 27% when his declination was 21 N. 
Now 27 minutes being nearly half a degree, therefore, 


49 ] and declination 21%) 33% 6' - 
Bot lat. 1593 the amplitudes are 133 33 52 | 


Sam 66 58 5 8 | OY 
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| Half the furn i is 33 20, the true am- 
plitude Nea ; that is, W. 33? 29 N. becaule the ſun was ſetting, 
and the declination N. 
When the latitude and declination are both given in degrees and 
minutes, take the neareit degrees to both, unleſs they are near 30 
| nine as obſerved before, and find the amplitude as in Example I. 
1 OP \ 
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4 - +4 pag 
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EXAMPLE IV. 


_ Suppoſe i it were required to find the ſun's true amplitude at ride; | 
12. in latitude 492? 18), his declination being 129 41˙N. 

| Now as the latitude is neareſt to 49“ and the declination neareſt 
\ in 205 5 therefore againſt latitude 490 and under declination 20®, ſtands 
31*25 N. the true amplitude; that is, W. 31* 25 N. the declina- 
tion being north, and at the ſun's ſetting. 


or 

6nd To find the true Rok 

pli- The true azimuth is an arch of the horizon contained between _ 
her, the meridian of the place and the azimuth circle, paſſing through- 


tie centre of the ſun or ſtar at the time of obſervation; or it is the,” 
true diſtance of the ſun or ſtar from the true: north and fouth beiten KL, 
of the compals. . 

The magnetic azimuth 1s an en of the horizon Seide be⸗ ; 
tween the magnetic meridian and the azimuth circle, paſſing through 
the centre of the ſun or ſtar when obſerved; z or it is the apparent 

iſtznce of the ſun or ſtar from the north or ſouth points of the com- 


ng in 


20 pals, cither in the forenoon or in the afternoon, when they are 
15 65 102, 15, &c. above the horizon, and the leſs the altitude i is, the | 
— nore exact you may perform the obſervation. | 
44 Ide magnetic azimuth is found by the compaſs i in the following. 
— anner. : 


22 18 ' Place the compaſs in a convenient part of the this; then 
ſetting oven it ſo that the ſights may be directed to the ſun's centre; - 
n be und the ſhadow of the ſtring will fall directly on the line 
| arked on the plane which join the fights; then the degree, 

cc. in the arch intercepted between the end of the index, and 
AMPLE orth point of the card, will give the magnetic azimuth required, 
_ the ſun does not thing ſtrong enough to gi a firong ſhadow, 
5 . X : Jos 4 5 8 
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look through one of the fights, . move the compaſs till one of the 
ſtrings cuts the ſun's centre, and then the intercepted arch, as before, 
ſhews the ſun's azimuth, and the like of. the ſtar's. 

When there is a rough ſea, the obſervation is beſt made by two 

perſons, and if the card vibrates much, take the middle degree be- 

tween the limits which the vibration reaches. | 

When the azimuth is obſerved, the altitude of the object mult be 
obſerved at the ſame time. 

Having the latitude of the place of obſervation, and the ſun or 
ſtar's declination with the altitude at the time of obſervation, the true 
azimuth is found as follows : 

To find the true azimuth, obſer ve thee general rules: 


$ 


1 : 


* „ 


Add the 25. eee of the latitude, 
the complement of the altitude, 
and the ſun or ſtat's polar diſtance into one ſum : 

From half this ſum, ſubtract the polar diſtance, 

and note the half-ſum and the remainder. 
Then add together 
The arithmetical comp. of the log. co- ſine of the altitude, 
The arithmetical comp. of the log. co- ſine of the latitude, 
The log. fine of the halſ- ſum, e 
And the log. ſine of the remainder into one ſum. ä 
Falf the ſum of theſe four logarithms, will give the log. co fine 
of half the true azimuth, which being doubled, gives the true aZi- 
muth, reckoned from the north in north latitude, and from che ſouth 
in ſouth latitude, | 


— On 0. 3 | 5 
Add twgethes TE | e 
Lhe log. co- ſecant of the comp. 3 
The log. co ſecant of the comp. altitude, 
The log. fine of the half-ſum ; 
And the log. fine of the remainder into one ſum; 
Half the ſum of theſe four logarithms, wili be the log. co-fine of 
the half of the true-azimuth. 
N. B. The polar diſtance of the ſun or ſtar, is W diſtance from 
the neareſt, or elevated pole, and if the latitude of the place, and 
the aation of the ſun or ſtar, be both north, or both fouth, then 
the complement of the declination is the polar diſtance ; but if the 
jatitude and declination one be north, and the other ſouth, the de 
ciination added to 90 gives the polar diſtance, | 


| rejecting the indexes. 


2 . een 


7. 


ne 
1 


th 


8. 


PLE. 


9° oo! 90 00 90 oo f 

Laitode © 51 32 N. Altitude 32 28 Declination 16. 37 | 

Co-alt, 50 32 Polar diſt. 1 
Cl. pee 28 Afs co-ſi ne 3 0 
Co. alt. 50 32 Att us 0,1 1239 | 
Polar diſt. 73 23 
Sum 162 23 . ” : 
1 8 um $1. +; Log. fine 9,99484 | 
Polar diſt, 73 | 23 5 5 


90 os go? oo . 
Latitude 42 16 N. Altitude 18 40 Declination 7 388. 
Coal - 7 20 | Fo 97 38 
Co-lat,' ' 4&9 44 Co-ſecant o, i 3076 
Co. alt. 71 20 Co- ſecant o, 2347 
Polar diſt. 97 38 . 
Sum 216 42 - „ 7 


| Polar gift; ' 97 38. 


Remainder 10 43 Log. fine 9, 26940 


True azimuth "2 - 46 from the north, 


or THE VARIATION OF THE COMPASS. 163 


EXAMPLE I. 


In latitude 54? 32N. the ſun's altitude was obſerved to be 3028, 
bis declination. being then 16* 37 N.; required the true azimuth ? 


,” 


Ns * 3 „ * * 2 . 8 * 
3 r K Ee = - "II TY 4 5 * — 1 e * — 4 
% * BY * N . — , —_ os ia 
ON UE een org c er om — — * N —— — 2% 422 
8 * N 7 — r jy * : \ Go 
= 9 — _ 8 ks — — by — 3 1 — — - r 
6: a Sx; — LIT 
My "ILL p 8 ba A 
5 . = 
» a. of 5 
wan . 44 75 


Remainder 7 48 Log. fine , 13263 


* 19,44603 
Log. co ſi. 586“ 9, 72301 
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True azimuth | 166 12 from the north. 


EXAMPLE II. Worked by ſecond n 


In latitude 42 167 N. the ſun” s altitude was obſerved to be 18® 40), 
his declination being then of 38 S. ; required the true azimuth ? 


Sum 108 21 Log. ſme 9,9733 


Sum 109, 40096 


4 Sum log. co- fi. 59. 53 = = 9.70048 


—— — — 
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The wllowing ton are ſet down for hs Learner” s Exerciſe 3 

Ou. I. Being at fea, in latitude 405 38 N. in the afternoon, 
the ſun' by altitude was obſerved to be 2040 when his declination 
was 17% 10 83 what was the ſun's azimuth at that time: 3 

Aus. 1379 50 from the north, _ 

Out II. What is the ſun's true azimuth in lat. 265 30 N. in 
the forenoon, when his altitude i is 24 28, and his declination 22% 
40 north ? 1 

Ass. 75 44 from the north point of the compaſs. | 

Duet. III. At the iſland of St. Helena, the ſun's altitude was 
obſetved to be 3022 in the forenoon, his declination being then 
225 58 8. required the azimuth at that time? 

Ans. 72% 22 from the ſouth, or 107? 38 from the north. 

Quell. IV. What point of the compafs does the ſtar Aldebaran 
bear on, at the Cape of Good Hope, when its altitude is 22% 25? 
Aus. 130* 20' from the ſouth, or 495 40 from the north. | 


Having found the ſun's true amplitude or 2zimuth by the preceding 
methods, &c. 1 magnetic amplitude or azimuth by obſervation, it is 
evident, that when they agree there is no variation; but when they 
diſagree, then, if the true and obſerved amplitudes be both of the 
ſame name, that is, both north or both ſouth, their difference is the 
variation; but if the true and obſerved amplitudes be of different 
names, that is, one north and the other ſouth, their ſum is the varia- 
tion. Again, if the true and obſerved azimuths be both on the eaſt, 
or both on the weſt ſide of the meridian, their difference is the va- 
riation ; but if the true and obſerved azimuths be one on the ealt 
and one on the weſt {ide of the meridian, their ſum gives the varia- 
tion; and to know whether the variation is caſterly or Wer» ob- 
ſerve this general 


. 


Let che obſerver's face be turned to the ſun; then, if the true 
amplitude or azimuth be to the right hand of the magnetic, or obſer- 
Vee, the variation is eaſterly ;\ but if to the left hand, = ys.” | 


EXAMPLE E 


Fauxppoſe the ſun's magnetic amplitude at riſing is found to be E 26 
12 N. but the true is 5 found to be E. 14 20 N. required hy varia- 
tion? 


From the greater | Ws 269 12 Ne: 
Take the leller JJ | obſe 

ä 1 2 | > | : ; 5 7. - 

Remains the variation {31 "$2 . 


Which 
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right of the obſerved. - 


1 > 
*. 
2 
by 
n ba 
8 Z 
as 
hi 


With the nt of 60 deſcribe. a circle to repreſent the compaſs, 
through which draw the north, ſouth, eaſt, and weſt lines; take 
the amplitude at riſing, 26 12 from the line of chords, and ſertin 
it from E. towards N. and likewiſe the true amplitude 149 20, an 
ſet it from E. towards N, as before, the difference of theſe two an- 
gles, or between the true and magnetic amplitudes, viz. 1% 52 is 
the variation. Now ſuppoſe yourſelf placed at the centre of the ho- 
rizon, repreſented by the compaſs, and looking towards the mag- 
netic amplitude at the ſun's riſing, it is plain that the true amplitude 


ſhews the variation is 11? 52'E. and muſt be allowed to the right 
| hand in all courſes ſteered, before they can be put in the Traverſe 
Table or bearinghs taken by the compals, 


EXAMPLE U. 


-Suppols the ſun's true. amplitude at ſetting be W. 34 26'S, and 


his magnetic amplitude W. 23? 13'S. required the Variation: ſince 
they are both of the ſame-name ? 


— 


Pie creates „„ w. 34? 26'S, 


5 Tables, «0 
varia- Remains the variation _ 11 13W, 


W hich is weſterly, becauſe the true amplitude! is to the left of the 


odſerved in this caſe, | 


EXAMPLE 


Which i is 1 vtec 1 in this 20 the true amplitude is to the ba 
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found by calculation is towards the right hand of the obſerved, which 
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ren III. 


| Suppeſe the true azi- 


muth 84 40. Wj— 
The mag. az. 101 15 W. | 


* Variation 16 35 


n 


a. 


* Let N. . and W. repreſent the horizon, C, D, 


azimuth circle, paſſing through the ſun's centre; now an obſerver, 


4 


placed at the centre, will ſee the ſun at rifing in the line 1, but when 


he gets a greater altitude, and arrives at E, he will ſee the ſun in 


the line © 2, and as the ſun alters its altitude, will be ſeen in the 
lines © 3, © 4, © 5, at length will arrive at its meridian 2, 8. 
and the figures 2, 3, 4, 5, will repreſent the magnetic azimuth ; 
the difference between theſe and the true azimuth found. by calculz 


tion is the variation. 


IExAMTLE IV. . 
Suppoſe the ſun's true amplitude 
at tiling is E. 137 24 N. and his 
magnetic amplitude E. 129 327 8. 
required the variation, and which 
way? : F 
Since the true amplitude and ob- 
ſerved have different names 8 
To the true amplitude E. 134 N. 
Add the magnetic amp. E. 12 32 8. 


Their ſum is the variation 25 56 W. 


Which is weſterly, becauſe the 
true amplitude is to the leſt of the 


obſerved. | 


EXAMPLE V. 
Suppoſe the ſun's true azimuth 
in the forenoon is N. 869 4o/ eaſter], 
but by the compaſs it is N. 73? 24 
eaſterly ; required the variation and 
which way ? os 


Since the true and obſerved azif 


muths both on the ſame fide 0 
the merits. _ | 5 

From the greater N. 8640 F. 
Take the leſſer N. 73 24 E 
Remainder variation | 13 16E 


Which is eaſterly, becauſe tit 
true azimuth is to the right of it 
obſerved. | 
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. VI. 15 ExAMrLE VII. 


Suppoſe the ſun's true e is . Suppoſe the ſun's true azimuth S. 
N. 34 28 eaſterly, and his magnetic. 17e 45 E. and the magnetic azimuth 
azimuth N. 8? 5o' welt ; required the S 48' weſt, required the variation 
yariaffon; and which way? wt w 

Since they are on the different ſides Since they are on different ſides of 


hich way ? 


of the meridian, | the meridian, | 
To the true azimuth N. 32? 280. To the true azimuth 8. 17% 45'E. 
Add the mag. azim. N. 8 goW. | Add the obſerved az, 'S. ve 48W. 


Sum 1s the variation 41 18E.}Sum is the nie > 33W. 


Which is eaſterly, | becauſe the} Which is weft, becauſe the true 
true azimuth is to the right of the}azimuth is to the left of the obſerved, 


obſerved. : — 
- | 2. 
The uſe of the variation 1s to correct the courſe f cored by the com- 
paſs ; when the variation is eaſt, it muſt be allowed to the right hand 
upon every courſe ſteered quite round the W ; but when the 
variation is weſt, to the left hand. 
Nork. The variation may be eaſily found by taking the ſun's 
altitude in the morning, and obſerving what point of the compals he 
bears upon; and in the afternoon when the altitude is the ſame, 


the middle point will be the true meridian, the difference between 


which and the north or ſouth points of the compals is the variation. 
If the attitudes are taken at 5, 6, or 7 o'clock in the morning, you 
will have the ſame altitude at 5 6, or70 clock in the evening, be- 
ing equally diſtant from noon, | 

I he variation of the compaſs was firſt obſerved at London, in the 
year 1580, to be 11? 15 eaſterly ; and in the year 1622, it was 60 
E. ftill decreaſing, and the needle approaching the tru? meridian, 
until it coincided with it in the year 1662, ſince that time the variation 
{t1}] continues at London to encreaſe weſterly, at the rate of about 
I1or 12 minutes every year; and is at this tone about 23* 30“ wel- 


terly, and in the Engliſh channel about 25? 33/ weſterly; but how 
far it will go that way, time and obſervations will PROGENY be the 


only. means to diſcover, 

The variation at Paris in the year 1640, was 3” E. but in the 
year 1681 it was 2 217 W. and is now about 22 20 till 
continuing to go weſterly. 

In ſhort, from obſervations made in different i of the world, 
It appears, that in different places the variation differs, both as to 
its quantity and denomination, it being calt in one place, and welt 
in another; the true cauſe and theory of which has not yet been 
covered, and therefore in long voyages it is abſolutely neceſſary 
that the mariner {hould find the variation of the compals by obſer- 
ation as often as poſſible. 
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One Magnus, a ſhepherd, firſt diſcovered the wonderful power of 
the loadſtone, that gives polarity to the needle, by its ſticking to fa 


the iron of his ſandals; whence the name of Magnet was given to Nc 
the ſtone, or magnetic needle. Gio, of Naples, about 300 years le 
ago, fitit diſcovered that a piece of iron rubbed on it, and then ſuſ- pa 


pended, had the property of pointing to the north and ſouth, and ¶ de 
thence applied to Navigation. An author of ſome degree of popu- Hot 
Jarity, who has drawn a variation chart, ſays, he has found out the be: 


theory of the variation of the magnetic needle, without favouring ſet 
the world with the principles; if his genius has been able to penc- Ml wa 
trate into the bowels of the earth, to diſcover this wonderful pheno- N. 
menon, it 1s more than Sir Isaac NEewron's or Dr. HaLLEr's 
could do; however, his veracity may. well be doubted, as Mr. Nas 


Walks, who accompanied Captain Cook round the work, told me, the 
that his theory did not reach thoſe iſlands which they diſcovered. | 


"bas to touch the Compaſs Needles. 


Having two fron magnetical bars, lay the compaſs needle a0 
nearly north and fouth as you can, with the intended north north- 
wards, *join the two magnets in a line, confierably above the 
needle, the north end of each being northward, and bring them 
down upon the needle, ſo that the place of junction may be over 
its centre; then draw. them aſunder along each half of the needle, 
and continue their motion till they are eight inches clear of the 
needle's end; by a circular motion bring them again to the centre 
and join them as before; repeat this operation fix or ſeven times, 
taking care not to put the magnets out of thgir e and the 
| ot will be a 1 - 


Tar METHOD OF KEEPING A 


partur 
lepart 


SHIP" 8 RECKONING, OR JOURNAL AT SEA. In t 
atitud 

5 | arke 

3 — ation 

| olumr 

Y keeping a Ship's Reckoning « or Journal, is meant keeping pug. ir 
ſuch an account of the ſhip's way, that the mariner may be The 

able at any time to aſcertain the latitude and longitude the ſhip is in; BP, and 
it therefore ſhould be the great concern of every perſon who takes it be 
upon them the navigating of ſhips to remote parts, to be expert elter}; 


therein, as the lives and fortunes of ſa many men are committed to 
their Charge. 
- When 


— 


—— 


KEEPING A JOURNAL AT SEA. 


When a ſhip is bound from one place to another, which lies ſo 
far from her, that ſhe is obliged to go out of ſight of land for any 
| conſiderable time, as from England to Jamaica ; at the time of her 


departure from; ſuch as the Land's- end, Lizard, &c. and at the time 
of taking ſuch departure, the captain or mate generally takes the 
bearing and diſtance of that land, (according to his judgment) and 
ſets it down on the log-board, or in the log- book againtt the time it 


N. by W. diſt. 5 leagues, &c. | + 
In the ſame manner may the departure from any place be taken, 


winds, leeway, tranſactions; and under it the columns for courſes, 
diſtances, northings, or ſouthings, eaſtings, or weſtings, the lati- 


as diſtance of the land. 1 7 

h- Notice muſt be taken, that in the column for courſe, you are al- 
he Ways to ſet down the courſe you have made by your reckoning for 
m chat twenty-four hours; that is, from the noon of the day before to 
er ¶ the noon of the day you work on, the ſea account being always kept 
Ile, Nrom noon to noon. „ „ . 55 
the Dead reckoning; is that account deduced from occurrences which 
tre re written on the log- board. | 5 + ; 
es, In the columns for diſtance you are to ſet down the diſtance made 
the / your reckoning for that twenty-four hours. | 


” U 


lifference of latitude made in that twenty- four hours, marking the 

a with north, if the difference of latitude be north; and ſouth, 
ſouth. . | „ 

In the column of eaſting or weſting you are to ſet down the de- 

arture made that 24 hours, marking the column with eaſt, if the 

leparture be eaſt, and with welt, if weſterly. e 


* 


KO. 
— 
- 


atitude you reckon yourſelf in on that day; and in the column 
arked lat. by ob. you are to ſet down the latitude found by obſer- 
ation; alſo the difference of longitude made in the 24 hours in the 
dlumn marked diff. long.; the longitude in, in the column marked 
ug. in; and in the laſt, the bearing and diſtance from the land. 


and upon all bearings that are taken by the compals ; that is, 
it be eaſterly variation, it muſt be allowed the right-hand, if 
eſterſy, to the left of the courſe or bearing. Suppoſing your- 


* 


leaving ſight of land, ſhe is ſaid to take her departure, and that 
part of the land ſhe then leaves, is ſaid to be the place ſhe takes her 


was taken, thus, Land's-end N. N. E. dift. 7 leagues, or Lizard 


as may be ſeen in the firſt day's log of the following journal, where 7 
the log book is marked in columns for hours, knots, fathoms, courſes, - 


tude by dead reckoning, latitude by obſervation, meridian diſtance, ' 
difterence of longitude, longitude in, and in the laſt, bearing and 


In the columns of northing and ſouthing, you are to ſet down the 


In the column marked latitude by D. R. you are to ſet down the 


[he variation, if any, muſt be allowed upon all courſes ſteer- 
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ſelf laced i in the centre of the compaſe, and Wan directly fe 
nary to the PR you are to allow the variation upon. 


EXAMPLE. {a 

| 5 

Suppoſe [ leer 8. W. and here? is one point weſterly variation fe 
then my true courſe is 8. W. by S; or ſuppole I ſet a point of land, th 
and find it to bear by the compals E.S. E. and 1 know there is half c 
a point eaſterly variation, then the true bearing is S. E. by E. 3 E. W 
Leeway muſt be allowed upon all courfes ſteered, which is the 

" difference between the point which the ſhip endeavours to ſail upon, tu 
and the point ſhe really fails upon, and is cauſed by the force of the el 
wind or ſurge of the ſea, when ſhe is cloſe hauled or plying to wind. w. 
ward, which makes her fall off and glide ſide- ways from the point of Wi is 
the compaſs ſhe capes at, and muſt be allowed to be on the right- by 
hand of the courſe ſteered when the larboard tacks are on board, and to 
to the left-hand when the ſtarboard tacks are on board. The alloy- 
ances that are generally made are as follow: cu 
ift. When a ſhip 1s cloſe hauled, if all her fails be ſet, the water nic 
ſmooth and a moderate gale of wind, ſhe is then ſuppoſed to make hid 
little or no leeway. lin 
 2dly. "Khe ſhip being upon a wind, and the ſmall ſails in, alloy Ma 
one point for leeway. wi 
Zaͤly. The wind blowing hard, ſo as to cauſe one top-ſail to be lee 
taken in, aliow two points for leeway. | Wh 
Athly. When it blows ſo hard that both top- alls are taken | in, an | 
the fea runs high, allow then 3 points for leeway. ouy 
Sthly. The fore-ſail being furled, and the ſhip tries . = 

| of 


main-ſail” and mizen, allow tour points for lee-way ; for ſhe theu 
makes her way about four points before the beam, as the ſea phraſ oug 
is. twie 

6thly. When the ſhip tries under the main- ſail only, ſhe then be f 
makes her way about three points before the beam, that 1 155 allow com 
near five points leeway, | Com 

7thly. If the ſhip tries under the mizen only, the way is about I an © 
two points before the beam; that is, allow ſix points for her le. obſe 
Way. care 

Sthly. When ſhe lies hull, that is, with all her ſails furled, her thin, 
way is one point before the beam, and then ſeven points is her lee- 


way. ble 

Othly. When a ſhip is lying to under a main-ſail, mizen, 5 Watc 
then obſerve how ſhe comes up and falls off, and take the middl: I 
between the two points, and from that allow the leeway and Vi ſtate: 
riation. (whi 


NorTE, In all caſes reſpect muſt be had to the ſmoothneſs of the cordi 
water, or to the ſea's running high, the mould and trim of the} 


a and then the allowances 2-6 be alcertained with the great? Kcepi 
Certailit)) 
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certainty, by ſetting the ſhip's wake by a compaſs placed on each 
rail of the ſhip's quarter, which is uſually ſet there for that purpoſe. - - 
For it is well known, that ſome ſhips, with the ſame quantity f 

fail, and with the fame gale, will make more or leſs leeway-than 
others; and alfo the ſame ſhip when ſhe is out of her trim, or dif- 
ferently loaded, will make different leeways : for it is. obſervable, 
that the more water a ſhip draws, the leſs leeway ſhe makes; be- 
cauſe ſhe then meets with a greater reſiſtance in ſplitting the water 
with her ſide, than other wiſe ſhe would. 5 | 

The leeway may be-eafily found by the azimuth compaſs, by 
turning the inſtrument about until you ſee the wake of the ſhip ._ 
either over the ſights or parallel to them; then the point of the card, 
which is cut by the vertical line in the box, which is neareſt to you, 
is the true courſe ; the difference between that and the courſe given 
by the compals in the binnacle, is the [way required, which ought 
to be accordingly entered upon the log- board. „ 8 
There is another way of finding the leeway, by fixing a compaſs 
cut in lead (or in other metal) on the poop, or ſome other conve- 
nient part of the ſhip's ſtern, with the meridian parallel to the ſhip's 
fide, and in the centre a pin is fixed, to which is faſtened a ſmall 
line of a good length, with a piece of wood at the end of it, that it 
may be dragged after the ſhip. The point or degree cut by this line 
will ſhew the leeway ; if it cuts the meridian, the ſhip makes no 
leeway ; but if does not, the difference between the meridian and 
where it cuts is the Iceway. | Os. 

By ſome of the above methods, the leeway (if there be any) 
ought to be carefully obſerved as often as may be judged neceſſary; 
and theſe obſervations ſhould be punctually ſet down by the officer 


of the reſpective watch; at leaſt, if no obfervation be made, he 
| ought to ſet down the leeway according to his judgment once or 


twice in the watch, and by this means the courle made good may 
be found to a much greater, certainty and exactneſs than by the 
common method of allowing for leeway, when the day's account 


| comes to be worked {which is generally once in 24 hours); for 


an obſervation muſt certainly be better than any gueſs, But if no 
obſervation be made, the perſon who is upon deck, and has the 
care of the watch, is better able to make proper allowances, while 
things are freſh in his memory, and while he is an eye-witnefs of 
the ſeveral accidents that happen; and certainly much more capa- 
ble than another who was not upon the deck during the whole 
watch. . | 433 
| have often admired to ſee how particularly every thing is 
ſtated upon the log-board, excepting the leeway: and yet that 
(which is one of the inoſt material articles, ſince the courſe, ac- 
cording to the compaſs, muſt be corrected by it) only allowed for 
the next day according to every one's fancy, thereby, as it were, 
keeping as many different, journals as there are artiſts (ſo called) on 
” woo re {4 -* board 
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board the ſhip, and yet not one 11 journal properly kept 
amongſt them all, ſince one of the moſt material articles is 
gueſſed at. | | 

. "EXAMPLE I. | 

Suppoſe I fleer N. E. by E. with my larboard tacks on e and 

make one point leeway, then my courſe made good is E. N. E. 
Leeway and variation, when we are both to be allowed one 
way, that is, both to the right hand, or both to the Jeft, add them 
721 N and allow their ſum the fame way they were to be al. 
wy lowed. 
1. But if they are to be allowed, one to the right-hand, * the other 
to the left, ſubtract the leſs from the greater, and allow woah remain- 
der the ſame way the greater was to be allowed. | 


„CCC 


Suppoſe I ſteer N. N. W. with my ſtarboard tacks on board, and 
make one point Jeeway, there being at the time half a point eſis 
variation; I would know my true courſe? 

Leeway to the left-hand —— 1 point. 
Variation to ditto — _#Þ point. 


bd . 


Their ſum to be allowed to the left. hand 1 2 peint. 
Whence the true courſe is N. W. by N. z W. | 


EXAMPLE . 


. I ſteer S. W. by W. with my arboatd tacks on board, 
and make two points and a half leeway, and | have one point and 
quarter weſterly variation ; what is my true g's 5 

Leeway to the right-hand | 2 Z po oints. . 
cm Ln to the left-hand | — 4 poir int: 


— 


| The rem. to be allowed to the right-hand 1 + 
| Whence the true courſe W. 8. W. + weſterly. 


EXAMPLE "PV 


. a ſhip lying- to under a main - ſaih with her bene! tack 
on board, comes up E. by S. and falls off to N. E. by E. there being 
one point weſterly variation, and ſhe makes 5 points lee way; whit 
courſe does ſhe make good? 

The middle between E. by S. and N. E. by E. is E. by N.; ſa 
N. by One 6 points to the left-hand, the true courſe will % 

by 
It is 1 wy the preceding examples, that if the leeway is mad 
toward 


cu 
co 


the 


miu ñ ̃ y e * O mJ” 


t towards the meridian, it is taken from the courſe ſteered ; but when 
jt is made from the meridian, it muſt add to the courſe ſteered, to 


, | find the true courſe. - The ſame may be obſerved of the ſum or 
difference of the leeway and variation, as may be ſeen by the follow- 
; ing table, which is here ſet down to exerciſe the young Navigator 
1 in the foregoipg rules. | = . « 
ne FHE TASLE 
1 85 Couwes Tan. Lee-] Varia- | BE] 4 2 
ſteered. Winds, —. tion. Courſes correted| 
1er a — —V— (ern . 
in- N. W. 1 W. N. N. E. iW. N51 W. 
W. N. N., ĩðò 41 S8. 642 W. | : 
W. S. W. 8. 7 He 8. 6 W. 
1 3 W. „ 
W. by N. | MN. by W. 114 S. 7 W. | 
wy | W. 2+ Ws N. W. 12 | 9. * W. "= 
| „„ W. S. W. 2 IE W. 8. 8. Lie b 
8. Os WV. W. 1 ft. GM 2 
S. W. N. W. by W. 2 8. 8. W. = Wa IJ 
W. 3 13 W. by N. 42 W. * 
W. by N. N. by W. I W. S. W. i W. 9 
Js. "cd Fo [| 2 8. 2 W. 14 I” 
E. by S. S. LE. 2 i. Eby Me = 
E. N 1 E. N. E 1 
| | Lo N. | 2 F. by N. IS 
oard, TT 8. "x E. N. E. 1 
and 4 . owns | eee {ei — 1 
5 S. Bu + | 12W.j 8. by E. EE. 4 
E. . N. E. 2 E. bx 8 E,- 
W. S. W. 8. 4 S8. W. by W. 
W. by N. 8. W dy 8. 1 W. N 
F „„ N. W. IN 
8. W.S W. | oe. 8. 1 E. 
N. by E. N. W. by W. 3 | 1 N. N. E. 4 E. 
7 N. W. by N W. by 8. 14 1 N. 
d tack N. W. by W.] N. by E. j 15 | 14 N. WSüiy W 
being W. by 8. N. W. by N. 112 22 I 8. | 
; whit >} e N 1 2 
3 1 Nor E. In ſailing in the channel, or along a coaſt in a tide or 
„current, particular care muſt be taken to take its ſetting for a 
will de courfe, and its drift for a diſlance, which muſt be entered among 
1 the courſes and diſtances in the table of that day's rocking 
| | | An 
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And where the ſetting of the — 5 and drift are not known, you "SPY 


9 
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attain the point it muſt ſet upon, both of the flood and ebb, from the 
chart of the coaſt you are ſailing along, by the times of high water 
at different places on the coaſt, and by the principles of fluids acting 
againſt ſuch rocks, ſhoals, ſand-banks, &C.-. 
theſe, both the drift and ſetting of the tides may ve pretty nearly 
aſcertained and allowed for. | 


_ Currents, the way they ſet you, and the diſtance you ſuppoſe you 
are driven by them, is to be {ct in the traverſe table for the day, 46 


any other courſe and diſtance. 


„ Ve 


Suppoſe Itry the current, and find it to ſet W. by N. per com- 


aſs one mile per hour, the variation being one point eaſterly; then 


if I fail in that current 24 hours, I ſet down in the table as a Ns | 


W. N. W. diſtance 24 miles. 
Heave of the fea is to be accounted fort in the fie manner as cur- 


rents: as, ſuppoſe there is a great ſea heaving towards the S. W. by 
my compaſs, there being half a point weſterly variation, I then ſet | 


down in my traverſe table S. W. by S. half weſterly, with ſo much 
diſtance as judge the fea has heaved the ſhip. 

At leaving the land, the oppotite point of the bearing, with the 
variation allowed upon it, and the diſtance you judge yourſelf from 
it, muſt be ſet down in the traverſe table as a courle and diſtance, 


EXAMPLE VL 


| Suppoſe, bake one and a quarter ooint weſterly variation, the 


Start bearing by my compaſs N. N. E. diſt ant four leagues; the 


oppoſite point to N. N. E. is S. S. W. which, with the 1 variation, 
makes S. 3 weſterly, for the courſe to be ſet in the traverſe table, 


diſtant 12 miles. 
When you make the ind. your ir bearing, itſelf (with the varia- 


tion allowed upon it, and the diſtance you judge yourſelf from it) 


is to be ſet down in the traverſe table, as a courſe and diſtance, This 
needs no example. 

The courſes marked on the log-board are - courſes e by 
the compaſs. In order to obtain the true courſe, it is neceſſary to 
allow both for the variation of the compals, and for the leeway up- 


on each courſe on the log-board, as has been ſhewn, before they are 


put into the traverſe table. 

Every day, at noon, the log board is to be 8 into the 
log- book, which is ruled exactly like the log-board. 

Mariners reckon by the civil account of time-uſed on ſhore, but 


they Feep the TECLOBING for the ſhip's pes by beginning at 
ROON, 


By a ſtrict regard to 


tha 
fer 


* bh Aga 
* 


4 ” 
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noon, and counting from thence 24 hours to the next noon. From 
noon to midnight they mark with P. M. ſignifying after mid-day; 
and the ſecond twelve hours with A. M. ſignifying after midnight; 


ending their day's work at the noon of the civil day. Henge, their 
ſhip's account is twelve hours earlier than their ſhore account of 
time. And as the ſun's declination uſed for finally determining the 


ſhip's place at the end of the ſea-day is calculated for the noon of the 


common day at London or Greenwich, therefore the declination for 
the noon of the civil day muſt be taken for determining the latitude, 


&c. at finiſhing their day's account. Thus, a day's work marked 


Tueſday, May 6th, began on Monday at noon, and ends on Tueſday 


noon, ſo that the ſun's declination for the 6th of May is uſed for the 
noon of Tueſday, and fitted to the meridian of the thip, according 


as ſhe is E. or W. of London. 


There are various methods of keeping a ſea journal, according 


to the ſentiments of various perſons, with regard to what deſerves 


being recorded: ſome approve of a journal including the log- book, 


each day's work at ſome Acne and ſuch occurrences as ſeem of 
moſt importance; while ot | 
Journal, containing little more than the courſe run, the latitude and 


hers prefer a ſhort abſtract of this long 


longitude in, and ſometimes the bearing and diſtance of the intended 
port for each day. po „„ 


In the following journal the long form is uſed as repreſenting more : 
fully each day's work, and the neceſſary correRions ; and an abſtract 
of this may be drawn out in the ſhorteſt form that ſeems conſiftent 


with diſtinctneſs. The Learner ought to be thoroughly acquainted 
with the long form, and when he does that, he may either continue 
it, or take the ſhorteſt form; or retrenching from the firſt, and ad- 
ding to the ſecond what particulars ke thinks proper, and-thereby 
make out a form adapted to his own particular taſte. 2 5 


RorEs for correcting the Dr AD Reckoning 


by an Obſervation. 


T 


| OTWITHSTANDING the rules already aid down for keep- 


fng'a ſhip's way at ſea, yet by reaſon of the ſeveral accidents | 


that may attend a ſhip in one day's run, ſuch as ſwelling ſeas, dif- 
ferent rates of (ailing between the times of heaving the log, want o 


care 
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care at the helm in letting the ſhip fall off, or come to, accidental 
currents, ſudden ſqualls, when no account can be kept, &c. the lati- 
tude by account and latitude by obſervation may very often differ, 
then it is neceſſary that proper corrections be made in the difference 


muſt always keep to the latitude by obſervation ; it being the only 
thing to be depended on) ; but if it will not agree. with the obſerved 
latitude, it is to be ſuppoſed that there are miſtakesin your conjecture, 


1 
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of longitude. 


When you have made all proper allowances you can, ſuch as for 


leeway, variation, currents, &c. and ſtill find that your latitude by 
account will not agree with your latitude by obſervation, then you 
muſt correct as follows: . „„ | 

Firſt, Conſider whether have made proper allowances for 
currents, heave of the ſea, if the courſe at the helm has been care. 
fully attended to, if the log Hine and half-minute glaſs be juſt, and 
the log properly hove, or any ſùdde Us, or proper allowances 
made for the leeway, &c. which of theſe you conjecture your er- 


- Tor is in; make what allowances you think meet to your difference | 
of latitude and departure by dead reckoning, and ſee if that will re- 


form your latitude by account, fo as. to make it agree with your la- 
titude by obſervation ; if it does you have gueſſed right (for you 


or ſome other cauſe which produces the error in the reckoning, 'and 
ftands in need of being corrected. In this caſe, you are firſt to ex- 


amine your log-line and half-minute glaſs, and if there be an error 


in them, allow for it, as in the following examples: 


EXAMPLE I. 


Yeſterday at noon, we were in latitude 489 20'N. and till this 
day at ncon we have failed 8. 8. W. 48 miles, 8. W. by S. 36 


miles, N. E. 24 miles, and find by good obſervation that we are in 


4 = 


latitude 47 14 N. 1 5 


TRAVERSE TABLE. 


— 


. N. | $. 3 4 1} Ve. 


DIST. 


re 


1 | ' "THE D AD RECKONINE. 4 TEIN oF 
1 By the Traverſe Table it appears, that by account the diff, of lat. 


is 573 8. and the departure 21,4 W. 


, Now the lat. left was — 48 20 N. 
e Diff. of lat. by account: — 2 57 8. 1 
Ir Latitude in by account — 47 23 N. 
5 Differing 9 miles from the true latitude by e 
Ju Wherefore 1 examine the log- line and half-minute glaſs, and find 
that the former meaſures 52 feet between knot and knot, and that 
or the latter runs only 27 ſeconds. Now, as the log-line and half 
e- MWninute glaſs are both faulty, I correct my difference of latitude and 
nd eparture as in Caſe III. and find wy correct difference of latitude 
es 6528. and my departure 24,7 W. | | 
er- | 
ce | Now from latitude left — 489 20 'N. 
re- Take diff, corrected for error in diſt, x 6 8. 
la- . 8 — 
ou Lat. in, corrected for error in diſt, 47 14N. 
nl 
= Morecing exactly with my latitude by obſervation : 1 theiefors 
are, onclude my reckoning ſufficiently correct. Then, with the diffe- 
and Hence of latitude 66,2, and departure 24,7, together with yeſterday's _ 
ex- Mtitude, I find the difference of grace either by Middle Latitude 
cror WT Mercator's failing. | 
In the laſt example 57,3 and 21,4 multiplied ſeverally by 156, 
ice the meaſured length of a knot, and divide the two products 
135, five times the meaſured time of the glaſs, will give the dif- 
rence of latitude 66,2 and departure 24,7, which i is the ſame thing 
this Nit Fay courſe 285 been corrected leparately. 
. 36 | 
eas - "EXAMPLE Il 


Yeſterday at noon, we were in lat. 3615 N. and have failed” 
eſe 24 hours S. E. 2 E. 55 miles, N. E. by N. 20 miles, W. 8. 
7o miles, S. by W. 2 > W. 20 miles, and by nnen this day 
noon we are in lat. 34" * N. 
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" RULES FOR CORRECTING 


TAI TRAVERSE TABLE, 


8 


coun sas | DIsT.| N. 8. E. W. 


„F. F. | 24.9 42.5 
20 16.6 „ 
206.8 464. 
20 . 


53.6 


P 


| wk + 662:;|-- 16.9 


—— — 
it — u» — 


1 5 By the Traverſe Table it appears, that by account the diff, of t 
lat. is 64.2 S. and the departure 16.9 W. 5 | 2 


Latitude failed from — 3060 15 N. 
Difference of latitude by account 1 48. 
Latitude in by account | 


3 92S 4-7 
Differing 15 miles from the latitude by obſervation, 
I I now cxamine the log- line and half-minute glaſs, and find them 
both right. Next I confider whether there be any current, and 
I think I have reaſon to ſuſpect one; upon trial I find there is one 
ſetting 8. 8. W. 2 W. at the rate of 7 fathoms an hour, and judge 
J have been in it theſe 24 hours. Then 7 fathoms (or tenths of a 
| knot) per hour, in 24 hours, makes about 17 miles; and to the diſt, 
17 miles, and courſe 8. S. W. 3 W. the diff. of lat. is 14,6 S. and 
— 7 W. | 5 5 


fß ; Dp. | ” 
Now by tra. table 64,2S. 16,9W. | Latitude failed from 36 15N, 
And by current 14.68. 8, W. Diff. of lat. cor. for cur. 1 198. 


5 Correct for cur. 738, 8 8. 25, W. Lat. in cortect for car, 34 56 N. 8 
5 | | | 5 | f in lat 

Which agreeing with my latitude by obſervation, I conclude that MW 70 m 
my reckoning is right; then having the latitude left, and Jatitude Toe 
come to, the difference of longitude may be found either by Middle the ec 


Latitude or Mercator's Sailing as before. 8 | 
If, after all proper allowances are made for errors in diſtance, the de 
currents, &c. the latitude by account and obſerved latitude {hould 
eee the reckoning mult yet be further corrected ; and to 
do wich, the following are the common, and ſeem to be the mot 

rational methods, | | | 
| 1 Cab! 


THE DEAD RECKONING. 17 
If the Courſe found by Dead Reckoning be boſs than three Points, thirty< ! 
Z . tee Deorethe „ "mh 
RuLe. To the difference of latitude and departure by account =_ 
find a courſe ; to this courſe and the difference of latitude by obſer- Mi 
vation, find the difference of longitude, either by Middle Latitude or 1 
Mercator's Sailing. . | * 
'EXAMPLE-: Gi! 
Yeſterday at noon, we were in lat. 30 18'N. by an obſervation, 1 in 
this noon we are in lat. 37 48'N. and our dead reckoning gives hl 
107 miles of ſouthing, and 64 of weſting ; required the true differ- Wi 
ence of longitude ? Wb 5 1 
To the difference of latitude 107, and departure 64, I find the 14 
courſe 2 3 points; then with the meridional difference of latitude if 53 
between the two obſervations 115, and the ſame courſe, I find the 10" 
true difference of longitude 69 miles. | . 
5 „ - ET: 
oy If the Gurſe found by Dead Reckoning be more than three Points, or © . 
ve | thirt -three Degrees, and ls than ve Points, or fifty-fix Degrees. 2 I $1 
As Rute. With the diff. of lat. and dep. by account, find the diſ- ; 1 1 
ſt. 8 Ab , - , 1 . | 7 F 74 
i tance ; with this diſtance, and diff. of lat. by obſervation, find ano - = 
1 ther departure. Take half the ſum of this dep. and dep. by account, - 
for the true dep. with which and the diff. of lat. by obſervation, find $ f 
| the diff. of longitude. OE pen we = 
N. Yeſterday at noon, we were in lat. 52 40 N. and are this noon. - i 


in lat. 54 22'N. having by account made 84 miles of northing and _ 
pat 76 miles of weſting; required the true difference of longitude ? 
ude To the diff. of lat. 84, and dep. 76, the diſtance is 113 miles, and 
idle the courſe 42% 7 „% le a 

To diſt. 11 3, and diff. of lat. between the two obſervations 102, 

ce, the dep. is 47,7; then 76 added to 47,7, is 123,7, half of which is 
uld WM 0148, the true dep, — | „ — 
0 to To dep. 61,8, and diff, of lat. by obſervation 102, the courſe is 
molt I 3! > and with the courſe 31, and the meridional diff, of lat. between 


ine two obſervations 171, I find the diff. of long. is 103 miles, 


4 - 1 5 cas R 
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als nurxs FOR CORRECTING 


. 


I the Gourſe by Dead Reckoning be more than five Paints, or fifty-ſix 
VV . 


RurE. With the diff. of lat“ and departure by account find the 
diſtance ; then with this. diſt, and diff. of lat. by obſervation find the 
diff. of long. ED 5 TT 

EXAMPLE: 

Yeſterday at noon we were in lat. 38? 52' N. to-day at noon we 
are in lat. 4018 N. and by account have made 68 miles northing, 

and 112 miles of weſting ; required the true diff. of longitude ? 

With the diff, of latitude 68, and departure 1:2, I find the diſ- 
tance 132 miles, and to diſtance 132, and difference of latitude by 
obſervation 86, the courſe is 49? 300 nearly; with this courſe, and 
the meridional difference of latitude between the two obſervations 

III, the difference of longitude is 130 miles. | „„ 

- © The reaſon of the above rule is plain, if we conſider, that when 
| a ſhip fails near the meridian, it will require a ſenſible error in the 
courſe, to make any conſiderable error in the difference of latitude; 
which can hardly happen if proper care is taken at the helm ; and 

therefore it is moſt likely that the error is in the diftance run; but 
when the courſe is near the middle of the quadrant, or between 3 
and 5 points from the meridian, it is then probable the error may be 
in both courſe and diſtance ; and when the courſe is inore than 
five points from the meridian, it is then moſt likely the error is in 
the courſe, as it will require a great error in the diſtance to make 
any conſiderable one in the difference of latitude. 5 

Nor E- As the true place of a ſhip depends upon her latitude and 

Jongitude being truly aſcertained, I have ſet theſe down only, the reſt Mei 
being of leſs conſequence to the mariner. 


7 rect for ſe N 
corre ä He fe veral Days. : | coul 


By help of the three preceding rules, the longitude may always be 
corrected for a ſingle day, but if an obſervation has been wanted for 
one or more days, then mark the lakitude and longitude at laſt ob- _ _. 
ſervation, or if this be your firſt obſervation ſince leaving the land, N 
mark the latitude and longitude cf the land you left; this is the only 
latitude and longitude you can call certain; all the following part of 

the reckoning muſt undergo a correction, which is made as follows: | Rt 

Take the northirgs, ſouthings, eaſtings, and weſtings, that you 6 
have made ſince your laſt obſervation ; or if this be your firſt ob- I a 
ſervation, then for every day from your leaving the land, minding tude 

not to leave out the difference of latitude and departure of the day 
you correct on, and bring them into the traverſe table, by which 
you will have the whole difference of latitude and departure by 155 

„ | | i | - coun 
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-ount ſince the laſt obſervation ; and with that ſame difference of 


TAE DEAD RECKONING © 18r 


latitude and departure find the courſe by dead reckoning ; then ob- 


ſerve which of the foregoing caſes that courſe falls under, and cor- 


rect by the rule for that caſe. But when an obſervation has been 


wanting for ſeveral days, then mark the latitude and longitude you 


were in at your laſt obſervation, of leaving the land as before, and 
then you may correct with a greater degree of certainty ; elpecially 


in high latitudes, by the following rules: 
VC 
Reckoning from the laſt certain latitude and longitude. 

Wen the courſe given by the meridional difference of latitude 

and difference of longitude by account, taken as difference of lati- 


tude and departure, is leſs than three points, or 33 degrees. | 
Rull. To the meridian difference of latitude and difference of 


longitude by account (taken as difference of latitude and departure 


as ſhewn in the Mercator's ſailing,) find a courſe; with this courſe 
and the meridian difference of latitude by obſervation, find a core 
reſponding departure, which will be the correct difference of lon- 


gitude. 1 7 3s” 
EXAMPF LE + 


Having ile three days ago from latitude 49? 57 N. and got no 


obſervation till this day at noon, and find I am in latitude 45 23 NM. 
and by dead reckoning I am in 4512“ N. having differed my longi- 
tude 173 miles; required my difference of longitude? 


* ” 


e 1 5 95 M. Parts. 5 | = Tool M. Parts. 
Lat. ſailed from 49% 5% N. 3470 | Lat. failed from 499% ů 3470 
Lat, by account 45 12 N. 3047 | Lat. by obſer. 45 23 3063 
Merid. diff. of lat. by ace. 423 Mer. diff. of lat. by obſ. 407 


To meridian difference of latitude by account 423, and difference 


of longitude by account 173, the courſe is 22? 15'. Then with the 


. courſe 2215, and meridional difference of latitude between the 


obſervations 407, J find the difference of longitude is 167 miles. 


When the courſe given by the meridional difference of Jatitude 
and difference of longitude by account, (taken as before) is greater 
than 3 points, and leſs than 5 points. SY, | 7 

RULE. To the meridian difference of latitude and differen 
longitude by account, taken as difference of latitude and bee 
fd a diſtance; with this diſtance, and meridian difference of la- 
utude by obſervation, find a correſponding departure; half the ſum 


of 
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Mer. diff. of lat. by account 132 


is the correct difference of longitude, 
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correct difference of longitude. 


EXAMPLE II. 


Three days ago we were in latitude 450 23 'N. and have ſince that 


time failed between ſouth and weſt, have by dead reckoning altered 


our latitude 94 miles, and our longitude 147 miles; but by an obſor⸗ 


vation thigday, we find we are in latitude 13” 26+ e the cor- 
rect difference of longitude ? . 5 
2 Mo Parts. |: „. Forms 


Lat. ſailed Hom 45%23/N. 3063 PE: failed from 4 SN, 3063. 
Lat. by acc. 43 49N. 2931 | Lat. by obler. 43 34N. 2910 


— 


Mer. diff. by obſervation 1 
With the meridian difference of latitude by acc. 132, and dif- 


; ference of longitude by acc. 147, I find the diſtance 198, and courſe 
48% Then to diſtance 198, and meridian difference of latitude by 


obſervation 153, the dep. is 125; now 125 added to 147 is 87s 8 and 


halt this . viz. 130, is the correct diff. of N | 


CASE 1. 


When the courſe given by the meridian difference of . and 
difference of longitude by account, (taken as before) is more than 5 


points or 56 degrees. 


Rur k. To the meridian ence of latitude and difference of 
longitude by account, taken as difference of latitude and departure 


find a diſtance. 


To this diſtance and KS FH difference of latitude by . | 


tion, find a correſponding departure, this depatonre will be the cor- 


rect diiterence of longitude. 


EXAMPLE III. 


Two days ago I was in latitude 43? 34 N. and have ſince then 


made by account 50 miles by ſouthing, and 256 miles difference of 
longitude weſt, but find by obſervation that I am in 42 30 N.; 
what is my true difference of Iongitude? 


M. Parts. . 5 „„ Parts. 
Lat. failed from 43 34% N. 2910 | Lat. ſailed from 435534 2910 
Lat. by acevunt 42 44 N. 2841 | Lat. by obler, 42 30 2822 
Mer. diff. of lat. by account 69 Mer. diff. of lat, by obſer. 88. 


Then to meridian difference of latitude by account 69, and diff. 


of longitude by account 256 (taken as difference of latitude and de- 


par ture), the diſtance is 265, and courſe 75 degrees. 
And to diſtance 265, and difference of latitude 88 (the meridian 
difference of latitude by obſervation), the departure | is 250, which 


Here 


— 


of this departure, and the difetence of longitude by account, iS the : 
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"a we have given at ſome length the different methods of cor- 
recting the dead reckoning by an obſervation, which are readily done 
by the table of difference of latitude and departure. 

The. ſhip's way is generally greater than the diſtance. given by 
the log, and it is always ſafeſt to have the reckoning a-head of the 
ſhip, that the mariner may be looking out for 8 and not make it 

before he is aware of it. 

When a great ſea ſets after the ſhip, it is common to allow one 
mile over for every ten given by the log, for the heave of the ſea; _ 
but if the fea be againſt or athwart her, her diſtance muſt be leſs 
than that given by the log. 

The error in the ſhip's reckoning 1s frequently attributed to un- 
known. currents; for by various cauſes yet undetermined, there are 
many counter motions of the water in the open ſeas, as well as 
thoſe obſerved near the ſhores, where the motions may be tolerably 
well accounted for, Some of the obſerved currents in the great 

ſeas may perhaps be owing to the tides following the moon, and to 
the libratory motion the waters may have thereby, and tne unſettled 
ſetting and drift of theſe currents may poſſibly depend on the change 
in the moon's declination. However, it is well known from ob- 
ſervations, that the trade-winds occaſion a conſiderable current 
within their limits, particularly within the Torrid Zone, where the- 
motion is perpetually towards the weſt, at the rate of 8 or 10 miles 
a day, but at the extremities of the trade-winds, or near the lati- 
des of 30? N. or S. it is likely that the currents are compounded 
of the faid weſtern motion, and of one towards the equator ; there- 
fore all ſhips ſailing within theſe limits ſhould allow a courſe each 
| day for this current. 
Nork. When the difference of latitude by account is leſs than | 
the difference of latitude by obſervation, the ſhip is a-head of the - 
reckoning, but if leſs, the reckoning is a-head of the ſhip. 

When the mariner is dubious of his account of longitude, he ge- 
nerally runs into the latitude of the intended port, and then fails E. 
c or W. if there be ſea- room, according as it is ſituated, and keeps a 

good look- out for the land. | 
The method I have choſen to introduce the young : mariner into 
the moſt capital part of navigation is, by ſhewing him firſt how to 
5 work a few ſeparate day's works independent of each other, and then 
. proceed to a continued journal from London to Madeira and Te- 
8 neriffe, in which will be inſerted moſt of the occurrences that com- 
3 monly happen at ſea, or in harbour. a 
7 1 have ſeen many young navigators, who have been taught the 
principles of navigation on ſhore, very deficient in keeping a jour- 
nal at ſea; and therefore, muſt requeſt the Teacher not to omit put- 
1 ting the pupils over the following journal, which will render them 
h ready at working a day's work at ſea, and confirm i in their memory 
taole rules they have been over. 
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The courſes and winds on the log-board being examined, it appears that the ſhip 


Then having the latitude left, and the latitude come to; find the complement of 


Or with the courſe, and meridional difference of : latitude, find the difference of 


| NorTE. 
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' RULES FOR KEEPING A JOURNAL. 


* 1 "EXAMPLE I. 


Yeſterday at noon we were in the latitude of 46 28 N. and longitude 22 18 W. 
and have failed till this day noon, as by the log-board, the tide having al 
the time ſet S. by E. 25 miles per hour; required the ſhip's place and the direct 

courſe and diſtance made good? V . 


| | DOG-BOARD. | "TRAVERSE TABLE [ | 
| HK} F | Courſes. | Winds. L. Way Courſes, }Ditt.} N. I S. | 8 W. | 
rr | {NN}: [| ng 
RSELE | E. N. E. 35 3. 4 32.30 
= [{3|65 | th- - E. by 8. 36 353 
1 * 14 6 44 E ak | Fa 8. . 51 Fr 47-1 19.5 
146 0 ' S. by E. 60 358. 88 11.7 
We | 60 6] E. N. E. N. W. | — v — 
7566 5 55 4 42. 00 112.9] 110.7 Dep. 
BH | 81 5! 8 | — | | 42.0} . 
is 5 4 Ft. „ T - Di. Lot. q0.gþ 
1 | Lat. left 4628 N. M. Par, = ts 
4 IK 4 9* * N. Diff. lat. 1 118. . 55 
WE " ; - | Lat. in 45 17 N. M. Par. = zei 
„ : 6 3 dum Lat. 91 45 Mer. D. Lat. = 102 
56 i 
We” 1 - 2 8. . RE... 5 Mid. Lat. 45 52 
2. 75 6] 8 | Co. M. Lat. 44 08 
81 7] 3 Long. left 22 i 
18 70 ; | Diff. of lon. 2 39 E. or 25 40 
10 c 8 | 
4 117 4 5 Long. in 19 39 W. = 
3 3 7 | 3 N ; Direct Courſe $. . = 
: 5 Diſtance 131 miles. © ; 
2 ho — — — . | ; 3 


es large and has no lee-way ; therefore the ſeveral courſes from the log-board 

are entered in the Traverſe Table without alteration, | 
Next the fathoms and knots belonging to each courſe are ſummed up, and the re- 
ſults are put in the column of diftavces in the Traverſe Table: and to theſe 
courſes and diſtances, the whole difference of latitude, departure, courſe and 


diſtance made good, are found as above. 


ourſes 
e haul, 
rles, 4 
ed by 

whole 
Rice t 
lercat 
moſt | 


the middle latitude, and with that and the departure, find the courke, e. by 
middle latitude ſailing. . . : 

In t] 
* as ſe 


longitude, by Mercator's Sailing. 5 : 
When the odd fathoms are above five, we allow one knot, but, if under 


| | five, nothing is allowed, Ex AMPLE 


g RULES FOR KEEPING A JOURNAL. - 183 
E.XAMPES 1. 7 
29, 1795 3_being yeſterday noon in latitude 259 30'S. and longitude 10 15 E. 
5 have failed till this day noon, as per log- board, in a current ſetting ſouth *3. 
J ls an hour, the variation 14 point weſt; required the ſhip's place? ER. 
LogsBoarD. Cn, ll 85 8 6 RAVERSE- TABLE. 3 
N Courſes. Winds. L. Way Courles. Dit. N. | S. E. W. | 
: —.— — 2 GY CHA CE not, —] 
= s. w. W. N. W.] x S. by W. 2 W. 30 28,7 | 8.7 
9 2 I.” S.byE. 2 E. 32 30, 9,33 
9 4 . S. 4 E. 30 29,9 2,9 
6.0 SPAS ; S. E. by E. 2 E 39 18,4 34.4 
53 | S. by E. Z E. 60 574 17.4 
: | 03. by W. W. by 8. 1 * e — FAA 
, III Diff. Lat. 165,0 64,0 8,7 
wal 3 „ . 
785 5 BANE 
3 | : : or | = 65.3 Dep. | 
3 5 1 Diff. lat. 2 458. 5 0 
156 S. S. W. W. T Lat. left 25 308. Mer, parts 1583 
: c Lat. in 28 15S, Mer. parts 1768 | 
0 2 1 5 — | : | LE Bonn» 2 
10 0 1 I Sum lat. 53 45 M. diff. lat. 185 
I . 1 L IND 8 — — Ft 39 k 4 
2 85 E. by. S. W. by 8. | I Mid, lat. 26 92 ; 
S ee Ds „ 7 | 8 
— 33 Co. m. lat. 63 8 5 123 
0 7 
| | pa hen EOS. VA RY bo. 
[© Long. left 10 15 E. WIGS 
7 | Dif. Long. 1 02 E. or 19 0174 E. 4 
895 | Long. in 11 17 E. 31 
155 5 Lined? TREE v4 : 
5 Tr 8 Th | 
8 => It Niftance 174 miles. | 
ard 5 „„ Gs 8 . 
ourſes and winds on the log- board being examined, it appears that the ſhip is 
EEE * hauled on each tack, and one point lee-way being allowed, reduces the 
role res, and taking a courſe for the current S. theſe ſeveral courſes being cor- 
1 ed by the variation 1 4 point weſt, give thoſe in the traverſe table, to which 
al whole difference of latitude and departure is to be found as above. ; 
| ence the latitude and longitude in may be found, either by middle latitude 
at o lercator's ſailing; for as the ſhip is near the Equator, the difference will 
„ by moſt inſenſible, Tos | 5 
e of In the two following examples, the courſes are corrected to the neareſt de- | 
4 Vas ſet down in the traverſe table, and the odd minutes are rejected. 
naer „„ Fs TE | | | | 
. EXAMPLE 


* 


186 


required the ſhi 


E XAMPLE III. | 

Yeſterday at noon we were in latitude 33? 40'N. longitude 16 20“ weſt, the 
was obſerved to ſet „0 18/ from the north point of the compaſs ; we have (ij 
this day noon, as per log-board, in a current ſetting W. S. W. ug mile per hy 
p's place, and her courſe and diſtance to the weſt end of the Ila 


RULES FOR KEEPING A JOURNAE; 


In the work for the amplitude, the latitude at ſun-ſet was taken the ſa | 
noon ; for although there were about 46 miles of ſouthing in that time, 4 ; 
latitude at ſun-fet was about 34 52/, yet the amplitude being only 15% leſs, WM bag i: 
teration in variation would ſcarcely affect the difference o 

found from the courſes ſo corrected. 


of Madeira? 
. TLes-BoaRD. 3 TRAVERSE Tart, 

HK F Courſes. | Winds. L. Way|| Courſes. Dit. N. | S. | E. 
| 1] 6] 2[S. by W. W. o S. E. 40 . 40,0 | %% 

2 6] © | | S. 10 W. 70] [68,9 1 

3] 6] 3] S. 44 W. 58 41,7 
47 of Fl 8. 55 W. 36 10,6 1 
f 6 7131. N | | Diff. lat. 171,2 0,7 

21 J 26. W. by S. W. by N. 1 | | | 

8 712 5 | | | | 

9171 4 SG ; : Dec.! 

10 76 0 ; Before ine courſes can be corre 
[11] 7] 4 put into the Traverſe Table, the varia 

12] $| 1 the compaſs muſt be found from the 
1] 8| © true amplitude. OD 

2| 8] of The declination is 220 3of M. 
| 3] 8] 2 | As col. lat. 33 40“: rad. ; : fin, 22% 

44 71 5 S. Wby W. N. O _ 22 5 TT. 

$| 7] 3] | | So that the true amplitude = N. 629 
6 6 6 | Mag. amplitud: = N. 50 

7] 5 4 EO” 

3] 6] © 1 ee. Variation = 121 

91 62 The courſes on the log- board bein 
10] 6f I|. ſrected by this variation and the lee-wi 
11 g 3 Iſgive the courſes fitted for the Travel 
12 6161 5 Pe. | 1 15 

left 33% 40 N. II Madeira's lat. 32% 30 N. M. par Lat. 
Diff. lat. . Lat. in 30 49 N. 

5 . — | | Sum 
Lat. in 30 49N. NG lat, 1 41 =101 a ts. 
Sum lat. — 64 29 | Sum lats. 63 19 | 
Mid. lat. — 32 14 Mid. lat. x Co, 
Co. mid, lat. —. 57 46N. q Oe > Lc 
„ — Co. mid. lat. 58 21 9 

Long. left — 16 2oW. [| —— Pry 
Diff. long, — 1 36 W. || Madeira's long. 17 26 W. 5 
= | — Long. in 17 56 W. 
Long. in „„ͤ p „. . — 
1 | Diff. Jong. o 30 E. 


The courſe N. 14 3 E. diſt. 194 


latitude and 6 


Foce ſterday at Noon we were in Latitude 190 S. and Longitude o 10 E. This Fore- 
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1 e LE I, 


+502 we obſerved the Sun's Altitude to be 109 40' when he was 80? 30 from the North 


Point of the Compaſs, Declination being then 47 7 | ; 
. N60n, as per Log-Board, in a Current ſetting by the Compaſs W. N. W. + Mile an 
Hour. Required the Ship's Place, and her direct Courſe 


we have ſailed till this Day 
and Diſtance to the Iſland of St. 


Longitude left oo 10 E. 


Diff. Long. His 


1 38W, 


7 ꝗ———ñ — 


| Preſent long. 1 28 W. 


104 


he 6 
ne, 


: leſs bad is been worked with this Day's, the 


and & 


Helena. 
5 quite nes Is 9 ; Ny gs TrAVERSE AE 7 * 
5 | 577) 6 : : 1 5 
[HK * Courſes. Winds. way.] Courſes. big. N. 8. | E. W. 
1 6 7 N. by E. E. by N. 2] N. 23*W. | 38 | 37.0 | 8. 
16 4 N. 25 W. | 39 35-3] 16.5 
6 N. 47 W. | 76 | 51.8] 55 6 
1 6.3 VN. 3 W 8 
4 g 3 | N. 81 W. 12 19 119 
1 0 — oo | ww | room} 
; $6.0 5 x26. Die Lat. LOTT 
7] 51 8 North. T4, ME a HE: | : 5 FF 
8 : : | | Lat. 193008. Alt. 109go0' Dec. 179275 N. 
CEL — =. 
110 50 ; Co. Alt. 79 20P. Diſt roy 27 
12 - « Co. Lat. 70 30 Co, Sec. 0,02565 
8 | | Co. Alt. 20 Cd. Sec. o, oo 
2 3 N. N. W. N. E. 2 P. Die. 5 27 8 25 
250 - ; « : "REM 357 17 | 
620 - : | 1 7 Sum 128 38 Log. Sine 9,89274 
«CO 907 = P. Diſt, 107 27 5 : 
| 5 : ” 3 ; Rem. 21 11 Log. Sine ” 955793 
111 6| 3 | | 
4 6| o 25 | : ; — 9.48389 
Diff. Lat. 2006 N. M. Parts, Co. S. True Azimu. = 569309, 74914 
Lat. left VVV | = N 
Lat. a 17 248. 1060 | True Azimuth 113 oo from the 8. 
. . wy 1380 C0 
Sum Lat. 2) 36 54 Mer. dif. L. 33 — ( G2— . 
17 : = : | " True ditto | 7 doo from the N. 
. Mid. Lat. x5 $7-- Mag. Azimuth 30 30 ftom the N. 
| 90 00 Eu 8 | 
—— Variation S 
Co. id. Lat. 71 33 Lat. in 1724 S8. Long. in 128 W. M. P. 1060 


St. Hel. L. 15 55 S. St. Hel. lo. 5 46 W. M. P. 968 


— — 


Diff. lat. 129 Diff. long. 4 18 M. D. Lat. 92 


60 60 


— ns 


In Miles 8g In Miles 258 . 


and Difference of Longitude, the direct Courſe 
to St. Helena is found S. 70% 22 W. and with 
that Courſe and the proper Difference of Latitude 
the Diſtance is found 265 Miles. 3 


j 


In this Exomple the Azimuth is worked with Yeſterday's Latitude and Declination, but 


Variation would have been 129 26 W. 
2 2 


With the Meridional Difference cf Latitude 
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LONDOW 70 MADEIRA, 
„ | AND 
8 TENERIFPFE, 


ad THE 


„ 
$ 7 


Fx Axcks, of London ; 5 


"WILLIAM JOHNSON, Commanven 3. 


* 
K EP BY 


70 -n MILLS, . 


. Departure taken from the Lizard in 3 49³ 55 N. 8 
5 14 W. bound for Funchal, in Madeira, in Latitude 32” 38 N. 5 
_ Longitude 175 5 W. and to Teneriffe in Latitude 289 13 N. | 
. Longitude 10? 26' W. bearing from the Lizard-Point S. 20 55 
ach nee 1165 Miles, : 
| Bam April 1. 179 5. 

In the following Journal are emp the Manner of al- 

lowing for the Variation, Lee-way, Lying-to, Calms, Currents, 

Heave of the Sea, &c. and to correct the Dead Reckoning, by an 

Obſervation, in all Caſes ; with moſt of the Occurrences that com- 

monly happen at Sea, and the Sw s Way prickes off on MERCAs 2 

rox 8 CHART, | 


Y * 


FROM LONDON To MANCE 189 


Wedges, At 5 A.M. the 3 came on board; then a 5 
April 1, and ſailed from Tower Wharf; at Ii came to with | 
1795. the beſt bowerat Blackwall. Wind S. 8. W. 


Prreſh gales and cloudy weather, with rain. 

Thurſday At 5 A. M. weighed and failed, at ꝙ came to an 
2. | anchorat Graveſend, and chance ſhip. Wins 
from S. S. W. to N. N. W. 


At 4 P. M. weighed and failed, moderate weather; 
at q came to with the beſt bower at the Nore in| 
Friday | 92 fathoms, freſh gales; at 4 A. M. weighed} 

3. | and failed; at 11 came to anchor in the Downs] .. 
in fathoms, Deal Caſtle bearing W. 2 8. 
diſtant 3 miles. Wind W. by 8. =] 


„ At 1 P. M. ſet the Pilot on ſhore, The 24] 
Saturday | hours, the firſt and middle parts moderate an 

4+ | fair, the latter part ſtrong gales and _ | 
I Aboiſted the boats in. | 


_ 


Strong gales and cloudy; at 2 P. M. veered wy . * 
. the long ſervice of the beſt bower, got top-| “ 
Sunday | gallapt yards down; at 4 P. M. ſtruck yards 
5. 1 and æop- maſts. Theſe 24 hours had very hard} 
I AAales of wind. Wind W.byS., _ | 


85 | [Theſe 24 hours, for the molt part, freſh 3 at 

4 A. M. hove up the beſt bower, and let g 

Monday the ſmall bower: at ꝙ hove up the ſmall bower, 
0, and let go the beſt bower again; people em- 

I plwKuoyed in making points and gaſkets. | 


At 6P. M. ſtrong gales with heavy rain; zat 8 veered| 0 
Tueſday | out the long ſervice, and let go the ſheet anchor 
7. [under foot; at 9 A. M. hove up the ſheet an- 
N chor. Wind variable from S. by W. to W. 


x 


„„ „ 


1 Theſe 24 hours, for che firſt and middle parts, mo- 


1 | derate and fair; the latter part, EY gale, | 
TS : Wind W. by 8. | 
'Thurf bi T heſe 24 hours, freſh axles and fair; at 3 P. M. 


got top-gallant mait down; at 10 A. M. 801 
0 PTY and top-maſt up. Wind E. 8. E. 
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4 JouRNat, of A Yovact , -- 


| RAR EK s on board, Friday, Aprit 


— 
8 ＋ v 


| | 8 Lee- 
| 1. K. F. Courſes, {| Winds. Way. 10th, 1795. 
— — — —— — —— — — ————__— 
2 S. by W. T W. N. Z W. At 2 P. M. hove ſhort. 25 5 
41 | | 135 At 4 weighed and failed in Co. with 
6 40 Gun Man of War, and 20 Sail of 
8 |. | | Merchantmen. | | 
10 W. N. by W. At 6 S. Foreland bore N. N. W. diſt. 4M. 
12 S. W. by W. IW EL At 2 A. M. Fairlee bore N. dift. 6 M. 
YL 7 1 At 6 Beachy bore N. by W. 6 Miles. 
44 IW. N. W. X W.] N. 4 W At 8 Beachy bore N. E. by E. 9 Miles. 
6 W. S. W. N. by E.] Freſh Gales and clear, ſeveral Ships 
1 „ : ſtanding up Channel; cloſe reefed both 
10 Topfails. 
12 At 12 Bembridge P. bore W. N. W. 27 M. 
| | I | | fill in Company with the Fleet, 
ETAL. [Tj 
| Be — WE | = 
H | K. F.] Courſes. | Winds. ſway. [REMAR&s on board, Saturday, Ap. 11. 
1941 © | WES: W. N. pyk. 
al 4 6 W. 2 8. . ; 9 
55 | reſh Gales and clear. | 
354 „ At 4 P. M. parted with the Fleet, they 
$011 51 27 8 being bound to Spithead. Dunnoſe 
12 4 I 6 * [ii bearing W. N. W. diſtant 21 Miles. 
„„ + © jAtg let out one Reef of each Top- ſail. 
4144 3 At / A.M Portland Light bore W. N. 
65 44 5 | W. 9 Miles. 5 
838 440 8 | At 10 A. M. it bore N. E. 12 Miles, 14 
10 | 414 2 5 * W. W.| N. N. E. | Sail in Sight. * 5 
121 5 $f | 
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Being upon the Coaft this laſt Day, the Log is hove, and the Bearings and 
Diſtances of Lands, Rocks, Sands, &c. as you approach them, muſt always be 
ſet down, and are of the greateſt conſequence, eſpecially in bad Weather, or when 
you are in Danger of being drove out of your true Courſe, in the Night, or in 3 
Fog; ſo that you may at any Time determine, by your Reckoning, or the 
Chart, the Ship's Place, and ſail Courſes and Diftances as Circumſtances require, 
in order to paſs Places of Danger, and to have it always in your Power to take 
your Departure from ſome known Place, in caſe you ſhould be drove out to Sea 
in the Night or in foggy Weather, when no Land can be ſeen. 
happens, that in working to Windward in the Engliſh Channel, E. of Dunnoſe, 
Ships by making too long a Board, have got upon a Sand called the Ower, 
which lies from Dunnoſe E. 5 N. 25 Miles. 
ghts of the Coalts you ſail upon, unleſs you are well acquainted 


to have good Drau 
with them indeed, 


For it ſometimes 


It 1s therefore abſolutely neceflary 


| Ship had failed from the Lizard 6 Leagues or 18 Miles upon the oppoſite, or S. by W. 2 W. 


. "FRAVERSB TABLE. Ss Now to Diff. of Lat. 95.98. and Dep. 47.1 


Difference of Lat. „ Mer. Diff. of Lat. 14 Diff 1 PI 


_ : 


* 


Courſes. 8 Winde way. 1 on board, Sunday, Ap. 1 | 


a —— 


8 | {Theſe 24 e moderate e Gales and fair 
= I Weather. : 
| 


f 


4 


S. W. by W. WN. E. At 6 P. M. the Lizard bore N. by. E. 47. 
| Diſtance 6 Leagues, from which 1 take: | 


uy 1 : 


| | | my Depar. it being i in the Lat. of 4957 
E 7 J. N. and Long. 5*14' Weſt of London. 
S. W. 2 W. 5 3 Sail in Sicht, ſtanding to Westward. 
| | 
At Noon, Uſhant N. 80? 26' W. Diſtance 
54 Miles. 

' - [Variation 24 Points Nas ta jp 
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8. by 
Courſe. oi 9 18 by Obt. We Diſt. own. Lon. 3 in.] Diſt 


5.2030 Is 48 * 21 58 F- | o 48 FF "ON "har Funch.S.27 
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The Lizard bearing N. by E. 4 . Dig. 6 3 from the Ship, is the ſame as if os 


Point of the Compaſs, and allowing for the Variation, as. before taught, makes it S. half E. 
dit. 18 M. which is to be ſet down as the firſt Courſe and Diſtance in the following Tra- 
verſe Table. f 
The firſt Courſe ſteered by Compaſs i is S. W. by W. + W. which, e for the Ve 
tion, makes S. W. by S. half W. and the ſum of all the Diſtances failed on that Courſe till 
two o' Clock, when it alters, is 18 Miles and an half, which being doubled, becauſe cke 
Log is heaved every two Hours, gives 37 Miles; ſo the ſecond Courſe and Diſt. to be ſer 
down in the Traverſe Table is S. W. by S. half W. 37 Miles. In like Manner the ſecond 
Courſe Reered is S. W. 4 W. and the Variation allowed makes it S. S. W. half W. and the 
Diſt. on that Courſe ſummed up and doubled, gives 56 Miles; therefore the third Courſe * 
and Diſt: to be ſet down in the Traverſe Table is S. S. W. half W. 56 Miles. Having 
found the whole Difference of Latitude and Departure made upon the ſeveral Courſes, ! 
then mark dawn upon my Slate or Paper what every thing that is to be found comes to. 
and afterwards ſet them down ir their proper Columns as above. 


W. the Courſe is S. 26% 33/W.Diſt. 107Milesz 


* Diſt. N. | S, | E. W. thenLat. failed eee 490 95 N. 


8. 3 E. 418 17˙9 2.8 | Lat. in; or S 's Lat. 8 21N 
S.W.byS. 4W.| 37 | 428-6 TAY 5. Suns of Late : — . 58 18 
8. S. W. LW. 56 49-4} 5 4 Middle Lat. | = = oo. 

e pong h Com. of Middle Lat. — 40 51 


pe 1 8 Then with chis Com. of Mid: Lat. 40? 51 


I or 41? found as a Courſe among the Degrees, 
3 325 48 x! and the Dep. 48. 1 in its Column, in the Diſt. 
8 | Col. ſtands 74, which i is the Diff. of Long. 


075 with the Courſe 26 30 and Meridional Diff. of Lat. 1475 the Diff, of Long. is found 
to be nearly 74 by Mercator's failing. 


Longitude failed from, or Lizard's Longitude 5 "14 Ws This being the firſt Day nes 
Difference of Longitude 74 Miles 1 14 W. leaving the :Land, the De- 
Longitude in, or Ship's Longitude 6 28 W. parture is the Mer. Diſt, 


To find the Bearing and Diſtance of Uſhant. | ES 
Latitude in 48 21 N. Mer. Parts 3323 Longitude in 6 28/0 C. 
Uchant's Lat. 48 30 N. Mer. Parts 3337 vum 5 . 


— — — — 


With the Mer. Diff. and Diff Long. Uſhant is found to bear N. 09 26 E. and with that 
Bearing, taken as a Courſe, and the proper Difference of Latitude, the Diſtance is found 54 
Miles. -The Bearing and Diſtance to Funchal is found in the ſame manner. ä 
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* 


A JOURNAL OF A VOYAGE > 
— BY | _ T[Lee- | | ; | 7 5 
| H. | K. | F. Courſes. | Winds. way. REMARES on eee het e, 
2 6 S WDY WW N.. Theſe 24 Hours moderate Gales and cloudy 
4 5 5 15 | Weather. 
6 5 | | 1 N.W. At 4 P. M. Spoke the Charming Nancy, 
8 3 5 | from Carolina, bound to London, 
10 3 6 |S. W. 23 W. 5 
r 
5 | | 2 
414] 5 | | | | „ 3 | 
16 4 6 | At 6AM. got theBowerAnchorson the gun. 
L s | . {S.W.byS3W{Ww, N. W. nel, and unbent the cables and ſtowed them 
10 | T At Noon C. Ortegal bore S. 22 80 K Diſt, 
. | ; OY: - 183 Miles. 
N | | 1 | Variation 2 Points Weſterly. 
| = | [Di It Lat by Lat. * Mer. Diff Bearings and 
Courſe. Diſt. Lats. Dep. D R. Obi. Diſtance. Long: Long, in. | Diſt, 
; = | | 93 | 53 | | FunchalS.26% 
IS. 30? W.] 108] S. | W. las 48 2 47 W. . D951M˖ 


The Variation babe allowed on each Courſe, and the Diſtances lummed up, ag before 
taught, the Traverſe Table will ſtand thus: | 


With the Difference of Latitude and De- | PR AVERSE TABLE. ITY, 
parture the Courſe is found S. 30% & W. and | | a | | 
the Diſtance 108 fs ©] | : . 
Dif: & Latitude . 338. Mer, Parts |_ Covtle xt: | 08 99h e 
Latitude left 48 21 N. 3323 2 NN. 43 33 nt. [27 3 
. © 39 34.4 18 4 
Latitude in . 48 N. ts 8. by W. 1 W.| 27 25 80 - | 7.8 
; c 5 > 4 ; . 
Sum. Lat. 95 99 Mer. Diff. L. 138 1 Diff. oz 4 Dep. 53 5 
Middle Lat. 47 34 _ | 
5 90 OO The Di. of Long. is found by Mercator's $y 
8 ur | or Middle Latitude Sailing, to be 1 19 W. 
Com. Mid. Lat. 42 26 Yeſterday” S N 28 W. 
: 8 5 8 = ; 88 


Longitude in — 7 4% W. 


| This Day's . being added to the Mer. Diſtance Veſterday, A 1? 41% the 
| Mer, Diſtance day . 


; To find the badet and Diſtance of Cape Onda. £ 


Latitude in 462 43N. Mer. Parts 318 5 Longitude i in 7 47 W. 
Cape's Latitude 43 46 N. Mer. Parts 2926 Cape's Long. 7 36 W. 
Diff. Lat. 5 Mer. Diff. Lat. 2 59 Diff. Long. 71 
as BE: | 3 | 
In Mites 1782 


With the Meridional Difference of Latitude and Difference of . the direct 


Courſe to Cape Ortegal is S. 29 26 E. and with that Courſe and Fe 7 9 of 
Vati. Nee, the Diſtance is 183 Miles. a 


Norx. As the Table of Difference of TL tad and Departure are only calculated to 
fingle Degrees, the neareſt Degree to the Com. of Middle Latitude is to be taken in 


working by Inſpection to find the Difference of Longitude by, which is near enough 
for all common Purpoſes at Sea; thus the Com. of Mid. Latitude is 42? 26', for which 


I take 420 to find the Difference of Longitude. The ſame may be obſerved in finding the 


| Courſe made good, the neareſt Degree or! Degies to the Courſe is 9 ſet down, 
and will be found 3 exact. 
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FROM LONDON. TO MADEIRA, = 
Sn 8 | * [Lee- | REMARKs on Board, Tuclday, April 14, ih ] 
H. K. F. Courſes. Winds, way. | 2 1795. 4 - Bo | I q N 1 
4 S8. W. [PW N. W.] © [Theſe 24 hours moderate gales and clear " 
43-471: 55 | 5 A | 4 | 
6] 4 . At 6 P. M. ſaw a ſhip to the weſtward. | Bf 
8 | 4 4 6. W. by S. W. by N.] + | | 90 ; it 6 
10 4 {Obſerved the ſun's mer. alt. at noonb i 40 | 1 | 
„) Gy | Zenith diſtance — 28 20S. = { 
1 4 | 4 8. S. V. Weſt, 11 Declination — 17 o N 17 
8 4 5 I Latitude — 1 | K 
6 -- | At Noon C. Ortegal S. 10921 E. diſt, 99 M. 4 
1 : yy 133 Variation 1 4 Point Weſterly, - | 15 . 
Diff. | Lat. by[Lat, by | Mer. | Diff. Long. AY Sem EM 
Courſe. Diſt 28 Dep.] D. R. | Obſ. I Diſt. [Long | in. | Bearing and DiR. | i 1% 
| | | | | | 4 * Funchat S. 237 W. 1 | iP; 1 
8 zol W. 97 1 96 | 14 4512145. 34 [12 53] 0021 | 8.01 D't. $73 Miles. _ _— 
By allowing tor Variation and Leewavy the Wi will be as follows:: L = 
: | 85 6 | = LRAVERSE L ABLE. 1 . 
With the diff. of lat. and dep. the courſe is. |” T a: * Ss 
found 5, 82 3&/ W. and the diſt. 97 miles, Courſes. Diſt. N. |S. E. W. 1 
Diff. Lat. | x9 30'S, Mer. parts. — | OE Es | ' 75 
La: let 46 48 N. 3185 s. S. W. IW. 24 21.2] fi. 33 
Latin hi . dn i 4 3047 | S.byW. 36 [35-3] | 7-6 3 
at. in DY . R. “ÖWpP . Lg, Te 39.8] 3. Wh 
- . Mer. dif, lat. 138 2 wi REG, 39 | 39 | =—_ 
Sum lat. i » 92 00 . | 5 . Dif. tat. 96. 3] 3.9.18. 3 8 4 1 
Middle Lat. 46 oe Y - | 1_ |: 
| - $008 I I pern he,, ms 
Com. Mid. Lat. 44 09: =p - | Longitude left 7 4%/ w. AY i} 


| Longitude in by account 8 8 
flere the latitude by obſervation differing from the latitude by account, I correR 
for the true longitude; and as this is the firſt obſervation got ſince leaving the 


"T3 bd 
8 — 
8 
8 : 


— 


und, I correct by Cate I. as follows; . 

Lizards lat. 49%57'N. Mer. parts 3479; With the mer. dif. of lat and dif. 

Lat. by D. R. 45 12 N. Mer. parts 3047 long. by account, the ſhip's direct courſe 
| | from the Lizard is found to be S. 229 az! 


5 — N = 


Mer. dif, lat. by account 423] W. or S. S. W. 
Lizard's longitude 5 14 W. With that courſe, and the mer. dif. of 
Long. in by account S8 S8 W. lat. by obſervation, the dif. of long. fince 
| i Io 6 leaving the Lizand is found. 467 milesy 
Dif, of long. by account 2 54 Lequal- to . 2 4 W. | 
| 160% [ Tn longitude = HW 
| | * | En 
In miles - — 41% Ä CL ongitude in 0 
Lizard's lat. 495% N. Mer. parts 34700 8 . FE | 
Obſ. lat. 45 23 N. Mer. parts 3063] With the courſe 22 22/ or 2 points, 


the proper dif. of lat. 274 miles, t true 


Mer. dif. lat. by obſervation 40% mer. dilt. is found 113 miles, 

To find the direct Courſe and Diſtance to Cape Ortegal. A 
Lat, in 45? 23/N. Mee. parts 3063 Longitudein 89 oz'W. 
Cape's lat. 43 46 N. Mer. parts 2926 Cape's longitude. 7 36 W. 
Dif. at.... Me 137 Dif. longitude o © 25 


With the mer. dif. of lat. and dif. of long. the direct courſe to Cape Ortegal is. 
und S. by E. and with that courſe and the proper dit. of lat, 67, the diſtance 
i 10nd to be 99 miles. . EN | 
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5 3 6 EIIORISETS 04 44 r 
73 33 3 ORE Le RuyManks on Board, Weaneany,” | 
H. I K. F. Courſes, Winds. Way.. April 15, 1795. 
ö 23 f 5 8. by W. à W. V Weſt. 1 [Theſe 24 Hours, moderate Wan and 
5 | Cs clear Weather, 
te 3] 5 
11 8] 31 At 8 P.M. tet up che Mizen: Top- Maſt 
0 3 5 IL Shrouds and Back ſtays. | 
12. 3 | At Noon Cape Ortegal 8. 14 28k. 
£ 21 31 | + Diſtance ws. Miles. 
071 3 S. by W IW. by S. 1 
0 | 8 5 3 , | | 
110 31 : 
A 8 i Variation oy Point t Weſterly, per Pen 
| Dif, Tar. 8 = by] Mer. Lift. | Cn 
_Courſe. {WH Ig 125 Obſ. | Dift. Long. Li, in. | Bearing and Diſt. 
wr | | | Ir uncha, 5. 32%24 
1 7! E. | 76 Ws lax] 44. = | 1. 410% E. [77 44W.|W. Did. 817 Miles. 


15 With the. difference of lat. and departure the . IR AVvERS F 5 > TED 
Courſe is found S. 9e E. and the diftance 76 M. |— | | 
Diff. latitude 1*x5'S. Mer. Parts, | „ 
Yeſterday” s lat 45 23N. 3063 Courſes, ponies 888 2 n= Bo 
— 8 2E „ „ . 
= . ; . 3 5 5 
Latitude in 44 08 N. S. by. 4 E. 30 29-2] 7-3] 
Sum Lats. 39 31 106 ſin. * 
Middle Let. 44 45 — 
+ 90 oo Yeſterday's iongiiude 8% OW. 
| | — — Diff. longitude 55 
Comp. Mid. Lat. 45 15 = | | 
WE Longitude in 7. 44W. 


This day's departure being ſubtracted from the meridional diſtance. of yeſterday, gives 
a0 41” the meridicnal * of 5 ; 
25 find the Bearing and Diftance of Cape Ortegal. 


Longitnde in 90 44 W. 
Cape's longitude 7 36 W. 


Latitude in 
- Cape's lat. 


| Diff. lat. 


44 o 03'N. Mer. parts 2957 
43 45 N. Mer, parts 2928 


— — 


Mer. diff. lat. 31 


22 Diff. longitude 

With the mer. 1 of latitude 4 difference of longitude, Cape Ortega! 
is found to bear S. x4” 28“ F. and with, that bearing taken as a Courle, and the 
props difference of ttgde, the 18 8 3 is found 23 miles. | 


Nome. When the Tenths on any ide x are more than g, or half a mile, you mil 
call that file one more than you found it to be; but when they are lets than 5, then 
von need not take notice of them; as in the ;bbve the difference of latitude al 
departure are 74.9 and 11.8, which Lally; and 12, becaule the 'Tenths are above 5+ 


But when you take the difference of latitude and departure 0 We. the Court, 
then take them in Miles and Teuths; the fame may be oblerved in caſting up tue 
_ Knots, and Fathoms. 


If, when doubled, the Tenths are more than 5, ſet one mile more i in he 
verie Table; but it lets, 0 omit them, as there are no 7 entlis in. n the diſtance Ho 


He 
by M 


. tenths 


Courſe 
latituc 


Latitu 


Cape'; 


Diff.! 


Wi 


2" 0 
82 mil 
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8 


Latitude in 


Diff. latitude 72 = 1 12 
With the mer. diff. of lat. and diff. of long. 
282 3% W. and with that bearing and ho proper dit, of lat, the diſtance is found 


be 39 miles. 


„ | 3 © . 36 
Here the dit. of long. found by mid. lat. differs conſiderably from that found 
by Mercator's ſailing, but if the mer. parts were taken from a table of miles and 
tenths it would agree nearer with mid. lat. failing; but in all caſes where the 
courſe is ſo great, and the difference of latitude is in miles and tenths, middle 
latitude ſhould be depended on. | „ N yy 
To find the'Bearing and Diſtance of Cape Finiſterre. 
2951 Longitude in 
2852 Cape's long. 


Diff. long. 
ape Finiſterre is found to bear 8. 


\ 44 ON. Mer. parts 
Cape's latitude 42 52N. Mer. parts 


N 


82 miles. | 


— a__ 
— 


Mer. diff. of lat. 


Longitude in 


——— 


2 


b 
s. Or, with the mid. lat; and dep. the diff. of long. is fund by mid. 
lat, tailing 36 miles welt, 5 N | ; 
| | | Diff. longitude | 
Yeſterday's longitude. 


1 + ok hk 8 ler RNA on Boar A 4 Y | | 
H. K. .] F. | Courſes. | Winds. way. Apr il 16, 1795. 1 
2 3% $4 Wo. 8. S. W. 3 [Tbeſe 24 hours hard gales a of 

VV | I ſzually, with ſmpll rain. — Hande = 

64-3} 54 ES, the Fore and Main Courſes. | | 
8 [Lay to up N. W. by N. off N. by E. 5 At 8 P. M. ſaw a ſhip to windward ith 
10 [Drift 1 4 mile per hour W. II with Jury Maſts up. "04 4 
| : f | 8 e 
12 hy l ö 1 
2 [Up N. W. off North. W. by 8. | 5 Bet the courſes c'oſe, reefed. -M FLIW 
4 [Drift 1 T mile per hour, Wore ſhip. i {| moderate. | #0 
g 5| | s. W. N. W. by W. ZW. 4 [Setthe Top- ſalls cloſe reefed. * 1 
101 5 1 C. Finiſterre S. 283% W. diſt. 8a M ma 
5 5 I VVariation 1 4 Point Weſterlj. 45 

% io by Lat. by — — ” HER Er ig 
Courſe, JDift. | Lat. Dep. I D. R. | Obf. Diſt.] Lone. | Long in Lats and Dift. an 
rz 25 4 | 25 [419 04] « | 246] 36 1 8. 0. Diſt. 799 Miles.“ 1 

Taking the middle points (viz. N. by W. and N. N. W. ) between the point to which | 5 I vi 
the ſhip comes up, and the point ſhe fell off to for the ſecond and third courſes, as taughs « Eo 

in the rules for lying to, and then allowing as before for variation and leeway, the Traverſe ©. 

Table will ſtand as follows: 5 HE 2 ES Ki 
With the diff. of lat. and dep. the courſe Travers Tate: 1 1 

is found S. 81921/ W. and the diſt. 25 Miles. — — — 8 = 

Diff. of Lat. : oo 04'S. Mer. parts, C | Tf iſt, N f g "oh 

Yelterday's lt. 44 88, e ourſes, Di 6 a E.] W.! E | * 

24 2 2 W. N. W. 4W. 21 7.1 1 119.8 | 1 
. N 1 RY D E. 149 5 3.0 : 51k 
Tow fats. g $3 12 3 dif. lat of 8. 8. W. 2 W. 30 27.1 12.8 | FA vb 
Middle Latitude 44 06 R N 
90 oo Ly 3J+3 2721 7. 32. 
| | . | | 23.3 7.61 

Com. Mid. Lat. 45 54+ | Diff. Lat. 3.8 Dep, 20 © 
| The departure to · day being added to the mer. diſt. yeſterday, gives 2” 6', the 

mer. diſt, to-day. e 5 ; | TRY 
With the courſe and mer. diff. of lat. the dif of long. is found by Mercator to 1 


0 36 
7. 44 W. 


— 3 ——ů—56ð⁵ 


8 20 W. 


— — 


200 W. 
9 14 W. 
—— 
54 
* 
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oF ee, RAT on Board: Friday, Ani 17,1 
H. K. | F. | Courſes. | Winds. [|way. 1795-7 
2 Calm The 6rft eight hours calm * foggy. 
FI; „„ . 
6 
8 | 1 
120 35 W. S. W. South. 1 Freſh 3 and clear. 
12 | 4 4 je | Cape Finiſterre 8. 3957 E. diſt. 54 M. 1 
„„ 6 Hoiſted the boats out, and tried the cur- 
41 4] 8 rent, found it to ſet N. W. by N. I mile 
61 4] 6 | per hour all day, 
| $]*4} 8 Variation eee 
110 4] 8 
3 3347 $ | 5 
5 N. Lat. 245 Lat. b) Moods; Lone. 
Courſe. as Lat. A I's (bf. : Diſt | Lone. 5 Bearing and Diſt. 


F Funcha'S.26” 49 W. 


Y 


7 

or 3% ls | 15 | $3 | 20 I 42- 1 1 55 | 10.2 | Dift.735 M. 
Ihe variation and le=-way being allowed on the Courſe ſteered, and the fetiing or the 
current and its drift in 24 hours being made a courſe and diſt, the work will be as follows 
With the diff. of lat. and dep. tt e courſ- 


| LRAVERSE TABLE. | 
is found 8 79957 W. and the diſt. 84 M |-—— —— | 
Diff. of latitude 00? 15'S. Mer. parts. | Courſes, | Dig. x S. k. [w 
Lat. left 44 AN. 2951 e eee e ee 
| , | N. W. Tw. 24 16.1 55 
Lat. in 43 49 N. 2931 f. W. 78. 2. = . 67 f 
Sum of lats. 87 53 dier. dif.lat. 20 Ea e 
Middle Lat. 43 56 | 16.10 

e Diff. Lat. 14.7 

Com. Mid. Lat. 46 oa 


The dif of long. found by Mercator” s ſailing is 113 miles, but by mid. 2 Is found 


115 miles, equal to — — — . 
Longitude left — — Q — 38 20 W. 
Longitude in by account — — 10 I5W. 


The dif. of long. found by mid. lat. ſtill differs Com that found by Mercator's ſailing; the 
cauſe is the ſame as before, and as the ſhip has made fo great a courſe, we will ſtill drpenc 
on mig. lat. 

The lat. by ohſet vation differing from the lat. by account, I correct for the true longitude 
as follows, (it being three days ſince I had an cbſervation before) by Caſe II. page 182. 


Lift obſ. lat. 459 . M. pts. 3063 With the mer. diff. lat. by acc. 132 and 
Sf s lat. by acc. 43 49 N 2931 diff. of long. by account 134, the direct covrie 
— ͤ fn ce ſaſt obſ. is found 8. 45137 W. or 45, ane 
Mer. diff, lat. by account 132 the diſt. 187 miles. — With that diſt. and tue 
| — mer. diff. of lat. by obſ. 163, the dif. long. 
es song. at laſt obſ, 8% 1'W. is found 108, this added to tte diff. of lone. 
S,.ip's Jong. in by acc. to-day 10 15 W. by account 133, giv*s 241, which divided d 

| | 2, g ves the true dif, of long. ſince laſt obl. 

Dif, long. fince !att bf. 214 121 M. nearly equa! to DE gs ad 
5 * : — Long. in at laſt obſervation $22 
Laſt obſ. lat, 43? 23'N, 3063 — 
pate © s lat, by obf. 43 34 N. 2910 Long. i in — 10 2 W. 
5 — N — — 

Mer. eiff. by 8 153 


Th cute ae wy obſervation 45% 13” is of no farther uſe than to know what Caſe 
80 ehrrect by, 


* che true c. Ire ne ce laſt obſ 38*˙ 20 and the proper cf, of lat, 109, the dep. l 
10 107 + 19 $3" WM. — 2 197. 
7 find the Bearing and Diſtance of Cape Finifterre. 


Lat in 2347 on: Mer. Parts 2910 Long. in 10 02'W- 
Fope's lat. 4 82 N Mer. Paris 2852 Cape's long. 9 14 W. 
Diff. of lat 42 Mer. diff. lat. 58 Diff. of long. 48 


Wil the mer. Cit, of lat. azad dife of long. the direct courſe to Cape 1 is foul 
S. 395.37” E. and with that c2urſeand proper dit, o lat, the diRance is Fund £4 muel 


Der 


the rt 
other 
trom 
paſſes 
tili th 
where 
duztec 
bearin 
and th 
Func 
ET: 


- the 


b 1 
penc 


itude 


2 and 
tourte 
TRI 
nd tt 
long. 
long. 
Jed b) 
4 odl. 
1. 
. 1 W 


found S. 53 30˙ W. and the diftance 84 miles. erk. 
Diff. lat. o 508. Mer. parts | ; : : 
Latitude left 43 34 N. 2910 Courſes. Diſt.] N. S. E. W. 
Lat. ; = 0h | 2341 |3-W. by W. 58 32.2 48.2 
wa 3 3 a 80 5 S. W. 32 22. 6 22.6 
- Syn of lat. — | 18 Mer, dif, lat, 69 N. E. by N.] 65. 3*3 
Middle lat, 43 09 TE. On, | 154.8 3370.8 
1 . | | $5.O 3-3] 
"Conn: mid, lat. 46 5x 1 Dif. Lat. 49. $] Dep. 67. 5 


Latitude in 429 44/N. Mer. parts 284x Longitude in 
Funchal's lat. 32 35 N. Mer. parts 2073 Funchal's long. 17 5 W. 
Dit. lat. 66 = 20 6 Mer. dif. at. 768 DiF. long. 330 = "<0 -. 


the ruler and the centre of the compaſs; ſlide one font along the fie of the ruler, and the 


FROM LONDON TO MADEIRA. 195 


9 wad * n 


; | 6 Lee- ReManks on Board, Saturday, April 18, a 1 1 | 
H. K. F. | Courſes. | Winds. Way. Eh, 1795. 7 8 4 kl 
2 al 5 W. s. W“ S. [Theſe 24 hours moderate gales, with ſmall 1 
4440 ſhowers of rains. | | ms 
91 9 | 
20 L4 its 
3 | Sr if 
2 3 8 8 | ” : 1 4 
{| 3] 5 .W.byW| s. by. Le 2 | it 

98 3 a great ſwell from the S. W. for which I] i 
10 3 | | allow 6 miles. [7 
1-4 ( OS Variation 1 point weſt. per Azimuth. 15 þ 
Dif. | [Lat. by|Lar. by Mer. Diff. or M3 | | 5 

3 los. Lat. BD-p. ID. R. Obſ. [Diſt] Lang. ILong. in. | Bearing and Diſt. {3 

5 5 | | | ; | FunchalS.23%15'/W 111 
{$53930:/W] 84 | 59 | 67 42. 44. 4.26] 1.33 | 21.35 | Dif. 660 miles. 1 


In this day's work the iwell is conſidered as a Current, whoſe drift in 24 hours is 6 miles, 
the allowance made for the ſwell; and as it comes from the S. W. it heaves the ſhip towards 
the N. E. and the variation allowed upon it makes the Jaſt courſe N. E. by N. as in the 
Traverſe Table. > i | | Oe 

With the dif. of lat. and dep. the courſe is 


- . 
5 oy RY 
— 2 
. IIs Sonoma 
I. « 


N The dep. 67 being added to yeſterday's mer, 
| ; | 1 85 diſt. gives 49 26! the mer, diſt. this day. 
The difference of longitude is found as before to be 


1 33 W. 
Yeſterday's Jongitude 15 2W. 
Longitude in this day 11 35 W. 


To find the Bearings and Diſtance of Funchal. | 
| 11% 35W, 


With the mer. dif. of lat. and dif, long. Funchal is found to bear S. 23% 5 W. and with 
at bearing taker as before, and the proper dif.of lat. the diſtance is 669 miles. 


To fnd the Bearing and Diſtance of the intended Part on Mercator's Chart, 


Lay a ruler actoſs Mercator's Chart, in lat. 42“ 44', and ſet one foot of the compaſſes 
an the meridian of London, and the other in long. 11? 35 W. lay off that ſame diftance from 
e meridian ot London, by the edge of the ruler, and that will ſhew you the ſhip's place. 
hen lay the ruler over the ſhip's place and Funchal, and take the neareſt diſtance between 


other foot will ſhew the courſe to be S. S W. Again, (Keeping the ruler as before) take 
trom the graduated parallel the dif, of lat. beten the hp and port (199 12“) in your com- 
Paſſes, and flide one foot along the ruler, holding both points parallel to the N. and S. lines, 
till the other cuts the E. and W . lines; paſſing through the ſhip's place; the diſtance between 
where the point reſted, by the edge of the ruler, and Funchal, being meaſured upon the gra- 
duated parallel, gives nearly 11% or 660 miles for the diſtance. In like manner find the 
bearing and dittance of any other place trom the ſhip; or take the diitance between Funchal 
and the ſhip in your compalT**, ai it on the meridian, placing one foot as much above 
Funchal as the other is beiow the ſhip's place, and that will be the viſt, in degrees or in 
igues, it the merid. is marked to. 1 
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Mer. dif. lat. by account ſince laſt obſ, 1 69 


the diſtance is found 608 miles, 


3 


1 wn 93% NNTT T on 7 day, api io 
H. K. F. . Winds. way. RY 1795. 15 _ 75 
2 4 :5 [W. by N. S. W. by S.. Ther 24 hours freſh gales, and clear ane 
41 4] 5 „„ ther, 
85 
io | 5 
m1] $1] | 
2. 5 $5 3 
4| 5| 5 | W. & N. S. S. Wbyà WC 2 
6 5 5 TY | \ 
8 5 5 
o I 5 
112 4 


| Variation 1 oint weſterly, l : 
e 5:8 if E 0 fs by Lat. 9 8 Diff. of 1 
Diſt. [Lat. [Dep. ID Obſ. Diff long. LONG. in [Bearing 8 & Diftance. 


E Funchal S. 139 W. 


2 1640567 ant — . Nr 


5 Weſt. | no] _ 1 n 1 30, ls. | 5 2:43 | 34-12 Diſtant. 603 Miles, 


ne variation being allowed on both the courſes, FI the leeway. upon the ſecond, ie will be 
found that the ſhip has lailed due Weſt theſe laft 24 hours, and by ſumming up the diſtances 
her whole diſtance is found to be 120 miles, which is alſo her departure; it is evident ſhe 
has made no difference of latitude, there fore her latitude by account is the ſame as yeſterday. 
As the ſhip has failed upon a parallel with the Equator, her e of ne is found 


by parallel ſailing | ; 2% 43'W. 
© Yeſterday's longitude x | xx 35 W. 


Longitu2e in by che 14 18 W. 
The latitude by obſervation not agreeing with the latitude by account, and it being two 
days ſince my laſt obſervation, correct as follows, by Caſe IH. Page 182. 
Laſt. obſ lat. 43% 34” Mer. parts 2910 With the mer, dit. of lat. and dif. long. 
Lat. in by acc 42 44 Mer. parts 2841 by account, the courſe ſince laſt. obſ. is found 
| | 'to be S. 75 W. and the diſtance 266 miles, 


Long. in at laft obſervation 10 OW. | 4 5 f OO 
Ship's long, by account 14 18 W. Wich that dift. and the mer. diff. of lat. 


| 1 by obſer, the true. dif. of long. ſince laſt ob- 
Dif. long. by acc. ſince laſt obſ. 4 16 W. ſervation is found to be 250 = 4 1 


Long. in at laſt obſervation 10 2 W. 
Laſt. obſ. lat. „ N. parts 2910 TEE | 
This day's}at, by obſ. 42 30 M. parts 2822 Longitude i 8 14 12 
Mer. dif. lat. by obf. ſince laſt ob. 38 


With the courſe ſince laſt obſervation S. 700 30% W. and the proper dif. of lat. 64 miles, 
the departure (or Mer. dit.) fince laſt obſervation i is found 181 miles, equal to 43? ,-. 
Mer, Gift. at laſt ob. 3 19 W. 


T rue 2 Mer: diſt. this day 6 20 W. 


| To find the — hed and Diftance of Funchal in Madeira. 
Latitude in 42 3% N. Mer. parts 2822 Longitudein 14 12“ W. 


'Funchars lat. 32 38 N. Mer. parts 2073 F unchal's long. 17 5 W. 


Dif. lat. 592 = 9 52 Mer. dif, lat. 749 Dif. longitude 1 


With the mer, difference of latitude and difference of longitude the bearing of Funchal is 
found to be S. 139W, and with that 1 taken as before, and the "__ dif, of latitudes 


_— 


ade, 


+ FROM LONDON TO MADEIRA. | 197 
hs TT TT Tu [Remanxs on board, Mondays April | 
H. K. PF. |Courſes. Winds. way. zoth, 179 1 
2 Wis 8. S. W. N. W. by W.. stiff gates, with ſhowers of rain. | 
. | I © [From 2 P. M. fair weather and mo- 
6 1-8 8 derate gales. 5 
1 ©} -$ EE 
10% 3 
12 4:0 
:| SD - | TT 
4] 6 | ©. | S.$E. S. W. bW. IW. 2 
1 67 FED | 
8 1:9 4 #4 | 
10 5 
1 N 5 c 
1 = 1 * > * 
„ 1 | 5 „ 8 | | 
| 5 3 . Varia. 1 point weſterly per Amplitude. 
ay 6 fag Lat. by Lat. 1 er. Ditt, | | TE + 
Courſe. [Dit Lat. [Dep.] D. R. | Obſ. [Diſt. | Long. 1 in.] Bearing and Diſt. 
| 17 1 2 5 Ss | | | FunchalS.18%16'W.} 
aut. — 22 32.26 19-4p[6-20 ___ }_4:72 | Diſtant 444 miles. 


' 
i. 


TRAVERSE TABLE 


Yeſterday's lat. 4* 30 N. 4 | 7 2 > > 
Diff. lat. „ a6 Courſes, Diſt. N, SE; W. 


Lat, in by acc? 39 46 N S. by W. | 118 | 115.3 
1 | | 8. 8. E. II. 54} ᷣ 49:8 


— — — — 


= | Diff, lat. 1645 | 23-1 | 234.0 
| Os EE 


4 ; 


0 
; * 
9 
7 


* 
2 ak. 1 r 
6 


Proper allowances being made for variation and lee-way, it appears from the Traverſe 


Table that the ſhip has ſailed due South 1644 miles, and as ſhe made no departure, her lon- 
gitude in and mer. diſt. is the ſame as yeſterday ; but as by obſervation the ſhip is found to 
be in lat. 392 40. N. it is plain ſhe has got 6 miles a-head of her reckoning, which 6 miles 
being added to the diſtance by D. R. gives the true diſtance and diff. of lat. as above. 


To find the Bearing and Diſtance of Funchal. 


Intitude in 395 40˙N. Mer. Parts 2597 Longitude in 1412 W. 
Funchal's lat. 32 38 N. Mer. Parts 2073 Fuanchal's long. 27 ͤ 


Dig. lat. 422 = 7 2 Mer. diff. lat. 524 Diff. long. 1723 = 2*53 
With the mer. cif. lat. 524, and the dif. of long. in miles 173, the direct courſe to 
Funchal is found S. 181% or 18 W. and with that courſe and the proper dif. of lat. 
422, the diſtance is found to be 444 miles. | | 
iow a parallel of lat. through 399 40” on the variation chart, cuts the variation lines in 
11” 15 in longitude 14% © W. which confirms the lengitude by accqunt. _ 
| The variation charts might be of great uſe were they drawn upon a large ſcale, and the 
lines of variations well laid down, but as the variation in moſt places is continually altering, 
rendets them in a few years uſeleſs: I would therefore adviſe the Mariner to truſt more to 
bi; !-eckoning and lunar ebſervatiens, finte the theory of the variation is not yet known. 
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A JoURNAL OF A VOYAGE | 


21, 1795. 


Fre gales and clear. weather. 3 


Varia, 3 Point W. per Azimuth. 


Tat. dy m_ $7 re) 


Lon . in. 1 and Diſt 


| ; | | 5 ' U 
FH. | K.| F. Courſes. Winds. [way. 
28 ß. S. W. 2 W. W. by NT W.] + 
OS 5 3 | . 5 
6 8 5 ö 
5 
ro 8 55 
12 8 þ & ? 
2 8 4] 
44 8 4 
3 
83 $46] 
: : 10 : 3 5 1 | 
4 8 | 
4 Dit. lo, | Lat, by 
| Courſe. Joie. lat. Dey D. . Ob. 
' — 
8. 2 EW | = 184] 56 1 1 5 29 | 36. 2 


Funcha S. 19535 33 


IJ _ TS: 22 W. e ee 


REM ARKS on Board, Tuciaay, IT 


By examining the Log-board, it appears that the ſhip has ſailed S. S. W. 2. 200 miles. 


Latitude left 739 40N. | 
Dif. latitude | 3 118, | 
5 N EE C : 
Lat. in by account 36 29 N. 5 ton 
1 . byW. EW, 


 'FRAVERSE VABLE, 


Dit F . JEW 


| 205 Vit. lat. 


EIIEXS ARS —KK!üũ For 


e o 2 D-! 58.0 


Tbe "ROE by obſervation not agreeing with the latitude by D. R. I corred 
as follows, ow Caſe I. page 179. 


With the ws one point ind; a half, and the ait. of lat. by obſ. 184, the 


dift. is found to be 192 miles, and the dep. 


30 N. 
| Mer. Gif. lat. 


Dif. lat. 238 


56, which being added to the mer, 


diſt. yeſterday 6? 21'W. gives the's mer. diſt. to- day 7 15 W. 


Veſterda ay” s latitude 309 40'N. Mew: parts 2597 
This day's obſ. lat. 36 36 N. Mer. parts 2363 
Sum of lacldudes 76 | x6 -. © Wer. diff. lat. | 234 
| Middle latitude | 4 Ls 
| = YO ©O C 
Comp. mid. lat. 3582 | e 
The diff. long. is found by Mercator or mid. lat. 1? 11 W. 
Veſterday's long. 14 12 W. 
Long. in this day. 15 23 W. 
To find the Bearing and Diflance of Funchal. 
ISitude in 360 26'N. Mer. parts 5 2163 Longitude i nm 15 922W, 
Funchal's lat. 32 Mer. 3 2073 Funchal's long. 15 05 W. 
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FROM LONDON To MADEIRA. „„ 1 
CCC 2 Lee- RN on Board, 1 
[H. K. N Courſes. Winds. way.| April 22, 1797. 1 
2 | 4 | 3 W. by S. ZW. s. byW. Z W. + [Theſe 24 hours moderate weather with | Y 
4314S 4+: 1 N rain. | . | 
101 5 2 | : | ; 1 
253 + "1 
2| 5] 5 W. S. W. | South, '$ | 
4] FJ 5 5 
61 5} 4 
„ ES | | 
04 $4. 4% We by W. S. by Z. 1 | 
2 23 | varia. 3 w, per wy alt. of the — ö 
PS _ Diff. 155 | Lat. by Tis by Ma Diff. of 
Courſes. a Dep.] D. R. Obſ. Diſt. Long. Long. | in. | 2 Bearing and Dit. 
| | | | E Funchal S. 75 44 Ex 
© Gew. 119 — 28 22 3235 46 1o O5! 2. + 17-36 [Diſtance 00 > miles. 


es. | 
With the diff. of lat. and dep, the courſe 33 
js found S. 68 10 W. and the diſt, 118-6] TT Friivans Tabir. 
miles. 2 — a wh 
eſterday's lat, 369 36N, 1 . 5 4 ES 
dt of ü. 443. . Diſt./ N. | S. | 
„ | [W. by S. ZW. 2 0 
at, by account 35 . W. 8. W. J W. 3 | 3 4 
3 W. 3 
rect W':fterday's lat. 36 36/N. M. parts 2363 1 1 1 "lp 7. | "ny 
bl. lat. 35 46 N. M. parts 231 OS | 9 OY 
the ig. lat. by Ob. 50 M. diff. lat. 66 idle. 4. 
mk. Mum lats. 72 22 : 2 | 
idle latitude 36 11 Thus latitude by obſervation not agreeing with 
9⁰ 09 the latitude by account, J correct as pa wes, by 


Caſe III. page 180. 


wh lat. 53 49. | | 
With the proper diffi of lat. by obſ. 50 and the diſtance 111.6 the true ; novel is found 

* 04, and the departure 108 miles nearly. 
[The departure 108 being added to the mer. diſt. yeſterday, - gives 9 5 W. the mer. diſt. 
day. 
With the comp. of mid. lat. and dep. or with the courſe and mer. diff. of lat. 62“, the dif, 
long. is HR 925 middle latitude or Mercator's ſailing, to be 133 miles =* 291 W. 


# Yeſterday's longitude : 3 Rf 23 W. 
55 Longitude i in — _ ; 17 36 W. 
V. 5 | 
To Jug the Beating and Diſtance of F, unchahiy Madeira, 
| tude in 25 46 N. Mer, Parts 230 TLengzitude ! in 17 36 W. 
„ 2 W. chal's latitude 32 38 N. Mer. Parts 2073 F unchal's long. 17 os W. 
W. — 
05 F latitude - 8 Mer. diff. t. 228 Diff took.” 37 E. 
RE th the mer. diff. of lat, 228, and diff. of long. 31, Funchal is found to bear S. 7%, 4E. 
43 fs that bearing { * as ns and the proper diff. of latitude, the diſtance is found 
| mn 88. I. 
O founs 5 C c 
3 ile b 
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| a lee r on ER Thurf 
H. K. F. Courſes. Winds, ways j, April 23, 75 75 = Ui 
— — o — — — — 
2 656 i by E. 45 5. W. ZW. 2 rTheſe 24 hours moderate gales, and clear 
41 51 8B TIES weather. | 
65 8 | | 4 
[$1 04 8 „„ - 
| 10 5 5 8. S. E. ö 8. W. 2 
122 5| 2 | | 
4 | 5 | 5 8. S. E. Z E. SWbys. IW.“ 2 
„) 98 
10 5 6 W Es 8. DP Oy 2 
12 5 4 Variation 2 point — 
Pi 1; Pt by Lat. by Mer. Diff. | Bearing and 
Courſe. 2 Lr. Dep. 4 Qbl. Diſt. long. 1 Long. in | - Diſtance. 
; | | | | | | Funchal S. 34?15'W, 
[8 1525 K 135 110 78 34207 3385 70471135 16 or Diſtance 94 Miles, 


With the diff. of lat. and dep. the courſe is 


found 8. 37248 E. and the diſtance 133 miles. 225 T 
Yeſterday's lat. 35" 46N. — . TABLE 0 
| «A ag KT 345 5- | COURSES. big. N. $. E. W. l 
_ e 33 07. 8. s. E. 2 F. 48 4 [24.7] 0 
- Obf. lat. 33 __ M. parts 2167 ELSE — 3 me 4 | co 
Yeſterday's lat. N. M. parts 2301 |" hn” | - EATS 
1 5 35 Wy * S. E. 4 E. 22 14 8 16.3 10 
Prop, diff. 1 885 1 555 M. diſt. 134 | Dif: 55 205.78 2 7 Dep. * 
Sum of lat. 69 42 
Wlidale latitude . | The latitude by obſ. differing from the 1 E 
9 98 oo | titude by account, I correct as RW, by: 
—— Claſe II. page 179. _ 
Comp. mid. lat. 55 og ; 5 
4 
With the diff. of lat. 110 and the diſt. 133, the PR is found to be 75, which being ade! 
tothe former dep. $2, gives 157, half this ſum is the true dep. 78 miles; with the dif, of 
lat, 110 and the dep. 78, the true courſe 7 is found S. 35% 20 E. and the diſt, 135 miles. | rc 
I2 
| The dep. 78 being ſubtracted from the mer. dit, RR Ss gives 79 47” W. the mer. tit, 2 
this day. 4 
The dif. of _s. 7 is found by Mercator or middle latitude ſailing, to be 1 35 E. 6 
| Yeſterday's e 17 36 W. 8 
— — 10 
e in 16 OW. [12 
| 0 
"TY find tha Baring and D 2 f F. N in Madeira. e 
Latitude in 33 56 N. Mer. parts 2 0 Longitude 1 in 16 or. 
Funchal's la. 32 38N. Mer, parts 2073 Funchal's long. 17 05 W. 
Difference of lat. x. 18 Mer. gif, of lat. 94 Dif. of long. 1˙ 04 Itak 
| mo 
With the merid. diff. of 1: lat, and diff. of "Fo the direct courſe to F Sacha] is s. 34% 15 M. 32 


and with that courſe and the proper difference of latitude, the mma is found 94 miles. 


ear 


4 : | Lee- | REMARKS on Tone Fay Apa £ 1 
H. K. F. Courſes, { Winds. way. 24, 1797. * 
2 5] 5j 8. W. 28. E. by N. Modern gales and hazy. | | 
* 443 3 S þ 9 | j} JAt6P.M. more clear, ſaw Porto Santo 4 
1 15 I. bearing N. W. about 7 or 8 leagues. pi 
81 4] 5 I At 10 P. M. faw Madeira, bearing S. W. i 
101 4 \ | | by S. diſtance 15 leagues. 1 
12 IE. S. E.. [Clear weather. 1 
2 4 At 10 P. M. came to anchor off Funchal, J 
414 N. E. the weſternmoͤſt point W. by N. the FR 
1:6. - . Loo Rock N. by W. the Brazen Head 
$4 4 ES | „ E. by S. the Deſerters from E. to S. E. 
wi 4} =; 1 ; - | Diſtance about 9 leagues. | 
12 1 | By | Variation 3 point. . 
| | | Tat. by Lat. by | Mer. Biff. 1 | 
_ Courfe, Diſt. S. 8. D. R. Obf. Diſt. A 504. in, Bearing and Diſt. 
48.330 my 95 BK $3132” o 27 8. 40 | I . 2. 4 [ranch Alles 


. conclude that my reckoning 1 is juſt, and Funchal well laid down, 


de done with a black lead pencil, which he may either let ſtand or rub out when he. erage: . 


— 3 e Lee Remarks on board, Fuelday, 
H. K. F. Courſes. Winds. way. May 12, 1797. 
2 | „ ; N. E. Fre ſh eee and clear. At 4 P. II. * 
4 | unmoored ſhip and hove in to + : of 3 
- cable on the beſt bower, N 
10 I | | ns 
12 . Light 1 and clear. Ads 
2 |  JAt6 A. M. weighed from Funchal Roa | 
of and made ſail. Lat, obſ. 32%10N. 
: | Variation 18 3oW, 
10 5 . Ditto w. at noon the Southernmoſt Deſerts 
12 | N. W. 4 or 5 leagues, 
Dif. Lat. px. ev by Mer. [Dif. of a 3 
Courſe, Diſt. Lat. | 15 Obi. Diſt. 2 f in. S Diberes 1 
| | 1 - ig 10 Ta Southernmoſt Deſerta. 
= E | + We | : N. W. 5 leagues, - 
; 35 TRAVERSE TABLE, 
I take my departure from the Southern- | 
moſt Deſerta, which lies in latitude 
32* 18 N. long. 16? 25 E, | 
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The variation allowed upon the — _ alſo upon the bearing of the land taken at ten 
o'clock, being put into a Traverſe Table, and the diſtance run upon each courſe, with the 
diſtance you are from the land, will give the diſtance and difference of latitude and departure 
as above; with the complement of the middle latitude and departure, the difference of lon» 
gitude is 63 = 19 3, which added to 16® 1, the longitude in yeſterday at noon, gives 17* 4 , 
the longitude in by account; and as it agrees with the longitude of Funchal in the table, I 


The ſhip's place in the preceding Journal is pricked off, and the bearing and diſtance at 
noon are alſo found by the Chart, in order to ſhew the young Navigator the method, and may 


Between April 24, and May 12, lay moored in Funchal Road, Madeira. 
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; N | 3 . Lee- RATE“ on board, * 


E 98 

8 : "iM 
4 EP ky 4 
mW |þ | 1 

8 ; "KY 
: : ; * X 1 


53 nodes hecs 


K. | F, Courſes. Winds. way. | May 13, 1797+ | 
2 8. S. W. N. _ 7 Light breezes and clear. Varlodon! ps per | 
S. S. W. W. "nt 18 30 W. | 


2 d fail aceaſionally, 


| 


I bj . 


Calm, 


— 


ah 
f 3 9 ; | 4, 
I 6 IN. W. [Freſh breezes and clear. Set ftuldingf . 
1 E 1 7 2 Lat. by obſ. 30 37 N. 
_—_— | 5 0 Tat. by (Lat. by Mer. Dif. Fong: | 
= ] Courſe, Diſt. lat. Dep [D.R. * | bl. Pig. lon. Bearing and Diſtance. 


[ | | oa wet of Salvages, S. 34* E. 
8. ELSE: Toof 99 27 ee 3.-31NI 2. 7 E. | W. | Diſtance 28 miles. 


- 
N 


w 


i F en TALE. | 
| "By taking my departure from Courſe per | Courſes | £7 Op 
; the ſouthernmoſt Deſerta, which log. corre cted. Diſt./ N. S. E. W. 
J long; 10 258. Foul Uuuqmn_wr_  eCCT” 1 ES 
and bearing " from. me yeſterday at | 8. E. 8. os E. | 15 | 6 8113.4 I 
noon N. W. 5 leagues; I find the 8. S. W. S. 4 W. 22 0 10.9 
| courſ. anſwering to that bearin S. S. W. W. S. 7 W. 81 804 9-9 
1 for for variation, to be S. | . e e | 
+Y 63*E - diſtant 15 miles, which I | Diff. lat. ie eee 5 
dave ſet down in the Travecle Ta-“ | | 4 ads Dif 
1 bl | „ ED 8 
2 ble 928 PRE, | | Dh FT ; — „ Lat. 
| —— — — Lat, 
” With d the difference of latitude and apr the courſe is fount to be 8. 1® "oo E. eile 
zoo miles. ; dum 
With the « com, mid. lat, the diff. of kong is found to be 3 a | 5 | Mid, 
IKE. lat. 23%. a 5 Co. x 
Lat. left, 32 10N. Mer. 42 2649 ITS - FL 5 
Tat. ia 30 31 Mer. pts. 1924 = 
2 — TE ny Lat. gar. 30? 8 N. Mer. pts. 1898 Long. x6? 4 Wi 
Sum lats, 62 41 Mer. diſt, 116 Lat. in 30 31 N. Mer. + 1924 Lon. 1 in 1622 .. 47 
Mid. lat. 31 20 | - 5 DIED 2 N . n 
| 8 | | As 
Co. m. lt 58 40. | | | EY . tle tri 


Mick for wr, aig, lat, and diff. . the e are found to bear 8. 0 E. ai, 28 


Fe 


þ. 
L; 
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FROM MADEIRA ro PENERIFFE, 


* 
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— 


4 8 | 1 Lee] RE MARES on board, Tew, May 14, 
H.] K. F. | Courſes. | Winds. way. 1797. 
South. Weſt. | ren eee eee e 
4 6] 2 : IM e I ++ 5 | - 7 
061 4+ +. * | * . 
Si 4-1 * | Variation 189 "__ 

10 6 3 OLE WP "8 . ö 
12] 5174 1 | : 
2 5 | 4 | S. by W. W. by N. Freſh breezes and pleaſant weather, Two 

4 5 ſail in fight. | 
6 ; 3 : I 2 | : | 
0] IF # | | 
10 24 41 | | Light breezes and 1 In ſtudding 
12 2 | | l | W. by S. fails. Lat. obſ. 28 48'N, 
| Diff. | TE. by |Lat. by |Mer. Diff. of | | | | 4 
Eo Diſt. lar. Dep | D. R. | Obſ. Diſt. | Long. Long. in. Bearing and Diſt. 


8 _— 8 le 26 a. Wege — 16. . 


Sta. Cruz, Teneriffe, 


8 TABLE. 


S. 47% 3 W. D. zoM. 


9% 1 Þ As ws s 
—— , — 8 * — 2 by — - 
Bee ˙¹AA ˙ . ⁵ A ETA . ] TARA 2. 
= 
r 5 oy _ — - 


| 5 Os Courſes per | Courſes | | | 
Courſes being corrected for vari- log. corrected. Diſt. N. S. E. W. 
ation, I find by the Traverſe Table ], COT 
the died! courſe of the ſhip to be S, South. |S, 18 E. 67 63 720 7 
14 E. and the my 207 miles. S. by W. S. 7 E. | 41 95 7] 5-9 
| | 4 Dif. ae” 104 425 7 Dep. 

Dif. of lat. 1544 8. 5 
Lat. left. 30 31 N. Mer. parts 1924 
Lat. in 28 47 N. Mer. parts 1804 

OT Mer. diff. 119 Es „ 
dum of lat. 59 18 Lat. Teneriffe 28. 27 N. e Long. Teneriffe 16 18 W. 
5 — Lat in 28 47N.—1805 Long. in 15 53 W. 

VN Diff. lat. 20 M. ddif. 23 Ditf. jong. 25 
Co. mid. lat. 60 2x _— e - | 


With this N of mid. lat. the diff, of long. is found to be 29 miles. 


With the mer. dif. lat. and 4. long. by . the Bay of Sant Cruz in Teneriffe ! is 


8.47.23 W. diſt 30 ae. 


. 


As this Journal is only ade to ſhew the Learner how to keep his reckoning at Sea ä 


e true Variation! is not eee attended to. 
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LS > | I RxMarxs on board, Friday, May x 
H. K. F. ] Courſes. Winks oe | ; „ | "TY * 
3 — — f . - — | 2 — 
4 4 8. Ss. E. S. W. x Freſh breezes ar 
. | 
61 2| 4| | Handed top- -gallant ſails, ad 3 in firſt reef top-fails, 
81 4 . At 6 the Peak of Tenerifte bore by compaſs 
10 3 1 8 ; | W. 8. W. i oy 
12 | 2 | 4 [W. N. W. Ditto. | 7 Freſh breezes and clear, Variation 18. 
2 2 4 4 85 1 f 5 | 
43 Set top-gallant ſails, Hazy with rain. No land 
t -61 in fight. | No obſervation, 
7-4 4 oy [Light breezes and clear, Eo 
j 10 2j1 £4 1 S. S. E. Ditto. 1 [At noon made Teneriffe, bearing W. by N. diſt. 
1 12 2 7 12 leagues. 
in 1 | 11 2 by 4 by Mer. | Dif, of | 5 
| Courſe. RE t. Dep. Obſ. Diſt. Long. Long. in. Bade and diſt, 
| | IS | | & Sta. Cruz, Teneriffe, 
18.25 &E.! 20 [18 [8 28 30 37E. 70m. E. 15. 43 W. S. 84926 W. D. 2M 


The courſes being corrected for 


. po l- . TRAVERSE Lr E. 
one point leeway, and 1 vas en per | Courſes | 


| 


riation all theſe 24 hours, I find by 4-1 | | 
the Traverſc Table the direct courle log. corre&ted. |Dift.| N. | $, : E W. 
0 . —— — — Fo mf — 
Dif. of lat. 0 18'S. 5 W. N. W. N. 74 W. 246 6 8 
Lat. left 28 48 N. | S. S. E. 8. 3 5 U +68 7 9 + 
in „ 55 . J |6.624 751 523.1 
Sum lats. 57 18 | | 6 6123-1] 
Mid. lat. 28 39 | 1 3 | 
Com. mid. lat, 61 21 „ what WA. 1 : 18 
. 5 


22 With the comp. of mid. lat. the diff. of long. is found to be 10 miles; and the — and 
diſtance ot Santa Cruz by mid. lat. is found to be S. 84. 26 W. diſt. 31 miles. 


8 T R YT os THE FOREGOING . JOURNAL. 


2 85 = Lee REMA&Xs on board, Saturday, May 16, 
$1. KIF. Courſes, Winds. way. ET 1797. 
3 4 5 W. by N. 5 8 = Light breezcs and clear. Made all fail, 
$1 $7 4 7 | ns 355 
J „„ At 5 the eaſt end of Teneriffe N. W. 4 
8 | | | miles; at 7 anchored in 9 fathom in 
110 ; | = | Santa Cruz Road, the town of Santa 
1 | Variable, ; Cruz W. by N. Ja mile. 
SY Ys * 2H 5 | = Ss Variation 17 3o'weſft, 
: BY” 4 | | Wieſt. At 8 A.M. hoiſted out the boats and 
1 #4 þ | | went on ſhore to wait on the Gov. 
1 v7 „ | IMoored thip with the ſmall bower to the 
4 76 Calm, S. W. in 19 fathom and ſtream anchor 
12 | | Such, to the N. E. in 10 fathom. 3 
. | Lit: by Lat. by | Mer. | Dif. . 
Courſe. Diſt. 73 Dep. D. R. Obſ. | Diſt. long, roms ret Bearing and diſt, 
| | | | | At anchor in San. 
3. 84 W. = 1 7 $3 28.27 N ami. E 35m W 1620. Cruz Rd, Teneiif. 
The Courſes being corrected for | © TRAVERSE Taku. 85 
17 30 W. variation, I find by the EG Courſe e Rn 
Trave ſe Table the true courſe to be "7 Þ 5 : E. W. 
„ 8 W diſt. 33 miles. . SR 8 GN Ts 0s; 888 3 £ 
Dif. iat. 0 3 I; | | © 23.8 
Let ict 28 30 N. . 153 - 
: Latitude 28 8 27 ; : | IbDiftf. lat. 34 Dep. 32.9 
f Com. mid. lat. 6 33 | ; 8 1 


Wich che com of mid lat. the diff. of long. is 37 milcs, 
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| The . 9 finding the LaTiTups 47 Sr K, hy raking to 


8 


Altitudes, either in the Forengon or Afternoon, having the 

. mntermediate Time meaſured by a common Watch, with Eaſe 

and 1 independant of the Sun 5 Meridian Altitude, 
| HENTRSL ROLED 

1ſt. AQ the ſecant of the latitude by account, add the ſecant of 


the ſun's declination, (rejecting their indexes) and call 


that ſum the logarithm ratio.* 


2d. From the natural ſine of the greateſt * ſubtract the 


aaru-l1 fine of the leaſt altitude, and find the logarithm of their dif- 
ference, and write it under the logarithm ratio. 


| 2d. | gubtract the hours and minutes when the altitudes were taken | 
from each other, and half the difference call half-clapſed time. 


4th. With half the elapſed time. enter the tables s, and from the 


column of half-elapied time take out the logarithm anſwering 
| thereto, and ſet it down under the logarithm ratio, 


5th. Add theſe tire logarithms together, and with their ſum en- 


ter the tables in the column of middle time, where, having found the 


logarithm neareſt thereto, take out the time correſponding to it, 
and put it down under half the elapſed time. 


6th. Subtract the leſs from the greater, and the Arend will be 
the time from noon, when the greateſt altitude was taken, 


7th. With this time enter the tables, and from the column of 
riſing, take out the logarithm correſponding to it ; from this loga- 
rithm ſubtract the logarithm ratio, the remainder will be the loga- 


rithm of a natural number, which being found in the common table 


of logarithms, and added to the natural fine of the greateſt altitude, 


will give the natural ſine of the ſun's meridian altitude, 


| Having the alan altitude of the ſun at noon, the latitude i is 


found by the uſual method. 


N. B. If the latitude, found by the above proceſs, ſhould differ 
widely from the latitude by account, it will be proper to repeat the 


operation, uſing the latitude laſt found inſtead of the latitude by ac-- 


count, till the reſult gives a latitude nearly egit with the latitude 


uſed in the computation. 


* Tbe arithmetical comp. of the co-ſine of any angle is equal to the logarith- 
mic ſecant of that angle, omitting the firſt figure in the index; thus the ſecant 
of 46 5o' is 10. 16487, and omitting the firſt figure 1, leaves „16487, the ſe · 


cant leſs radius, or the arithmet. comp. . co- ſine FIR $Cs- 
LS es EXAMPLE | 


1 


5 


4 7 | 
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EXAMPLE. „ 


Being at ſea in latitade 40 50 north by account, when the 3 8 
geclination was 11“ 17 N. at 10 H 2 M. in the fortnoon; the ſun's 
altitude was 405 56 „ and at 11 H. 27 M. in the forenoon, the ſecond _ 
altitude was 54* gf, Required the true latitude, and true time of the 
ha when the greatect altitude was taken? 


Times. „ . | 
H, . s. Lat. 465 305 gecant — _ 0.10487 
10 2 O Dec. 11 17 Secant — 0.00848 
Ela. Tf 25 | 0 | *Added giv the log. ratio 0. 17335 
El. T. 043 29 


he ſun's gr. alt. at 11 H. 27 M. is 54 9* "bs nat. fine 1 


The ſun's leaſt alt. at 10 H. 2 M. is 46 55 Its nat. line 73930 


The remainder of diff. of nat. 8 8019 


Log, ratto_ ; — —  ," - 0.473 
The common log. of the diff. N. 8. 8019 = =" "2:90 12 

In the tables in col. + ela. time for 42 M. 30 8. is 0.7 2429 

Their ſum of the log. in middle time „ 4.81176 
| PRs H. M. Ss 
The H. M. &c. for which by the cables i i” 1 15 30 


Subtract half elapſed time — m_— 2 


The diff. is the true ſpace of time the ſun had to 


riſe to the meridian when the greateſt altitude — o 33 o 
was taken — ä =; Wn * 
H. M. . | | 
Tiew per watch 11 6 7 ES | » „ 
Sub. from 12 5 


o 33 Finding la agree, the watchs 1s right; 


Enter the tables with 33 M. under col. of Hogs and 3 
you will find the log. | | an 
From which ſubtract the log. oo cs 
The natural number of which i is 604 — 2.84153 
To the natural fine of the greateſt „ 81055 
Add the natural number of the above log. — 
The ſum is the natural ſine of the ſun's meridian 22 
6 altitude, 5% 50 — _ 749 


The natural ſines are found in Table X VII, af 
The half elapſed time, &c. in Table XVI. | 5 
n Ty > 
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90 © 
54 50 


——— 


The ſun's zen. diſt. 35 10 S. By 9 ANNE the ſun's * 0 alt. 
The ſun's declination 11 17 N. the ſame dav, the lat. was found 
1 . 3 


Lat. — N. 
EXAMPLE IL. 


| Being at ſea in lat. 4 10“ N. by account, when the ſun's declina- 

nation was 12 160 N. at 10 H. 24 M. A. M. per watch, the fun's 
alt. was 49? pt 1. 14 M. P. M. his alt was 51? 59g, Required 
the latitude? -.. 1 5 5 | 


H. M. 5 
5 

12. 0 0 

10 24 O 


—— Alt. Nat. 8. Lat. 41% 0.16880 
1 36 o 499 9 75642 Sun's decl. 12 16 0.01003 


1 14 O 51 59 78783 —_: 

7 — — Log. ratio 17883 I 
Ela. T. 2 50 o Diff. N. S. 3141 Its log. 5 49707 
EL T. 1 25 © Its log. in col. of half elapl. time is o. 44077 

| | | — — b 

Sub. | 15 0 Col. of mid. time correſponding to 4.11667 to 


„ =: 0 Its. log. in col. of riſing i is — 3.66545 EL 


T. p. W. 1 14 0 Log. ub. 0.7883 
Wat. faſt. o 40 306 the nat. num. of this log. 3.48059 
N. S. Sun's gr. alt. 757 83 go o 
| N. 8. 8. mer. llt. 5 81840 = 34 56 
| Sun's zen. Giſt. _ . 3 
Sun's decl. — 12 16 North 
MH oo. 47 20 North. 


Here the Latitude found by computation may be relied on, as it 
differs but one mile from that uſad in the operation. 


EXAMPLE. III. 


Being at ſea in lat, 50? 40 North per account, when the ſun' s de- 
clination was 20” © louth, at 10 H. 17 M. A. M. per watch, the 
ſun's alt. was found ., M.A M. per watch, it 
Was foune 199 41. Required the latitude 7 


1 
" SP 


Times. 


nd 


red 


as it 


. IHE LATITUDE ATSB A. 99 


Times. Alt. Nat. S. Lat. 50% o, 1080 


H. M , * Decl. 20 00 , 02701 

40 % 9500 | — | 

11 17 O: 19 41 = 33682 Ws ratio 0,22594 
Ela. T. 1 0 o Diff. N. S. 4083 Its com. log. 3,6 1098 


| 1 El. T. o 30 o Its log. col hall elap. time is 0,88470 


I 1 © In col. of mid. time correſponding to 4,72032 


—— 


Tr. time o 31 o From noon, its log. from col. of riſing 2, 96067 


T. p. W. 0 43 o , WE, log. ratio ſubz. , 22504 
W. flow, 0 120 5 num. ,. | | 273563 
_ — 33682 N. 8. greateſt alt. 1 

. 90 oY 

20 1 34226 N. 8. of ſun's mer. alt. 20 1 


Zen. diſt. 69 $9 


Decl. 20 os. 


Lat. 49 50 N. 5 
But as this latitude differs 41 tes from that be account, it will 


be proper to repeat the operation, uſing the lat. laſt found inſtead of + 


the lat. by account, 


VVV - Tat. 4959 0,19178 

; Elapſed time o 30 © Decl. 20 0 002701 
F | — 

| F Log. ratio 0,1879 
True tine e © | e 3561098 
Time per watch o 43 © | 0,88430 
| — e LS = — 

Watch flow he C mid. T. 10 3571407 


True tine 0 30 0 Its log. in col. of riſing is 2,93223 


Log. ratio e 


517 Nat. num. of 2571344 
33082 Nat. 9. gr. alt. 
Nat. S. ſun's mer. alt. 4199 = 20⁰ ON 
Zen. diſt. 7 8 
Decl. 20: G4 Be-==- 
The lat. 50 0 North, 
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- The latitude laſt found, differing only one mile from that uſed in 

the operation, may be depended on as the true latitude. Hence it 

is plain, that the operation is repeated with very little additional 
trouble, but few alterations being * 3 N 


EXAMPLE. 1. 


Being at ſea in the latitute 60 O north by account, when the ſun 
was on the equator, and conſequently had no declination at 1H. 
O M. P. M. per watch, bis altitude was 262? 53, and at 3 H. OM. 
P. M. per watch, it was 205 42. Required the true altitude? 


"ITE K e 0 2 
Kats n — 99 FROM 
O * 22 _ D r 
K — . 1 3 E *. R 1 a : 
« * T RG ia” th R * N r — * rr 8 e 
B — harey Lo-- 2 renn r ——  DLRnSc — 
= — - = ” — who Ca 8 of 6 92 * 2X \ N a cad = 1 a 
— 2 l 4 * e ee 4 * — 2 5 4 "I _ 
p . ntl A g 8 * q * ö - nnn N M W 1 
. lp *: 1 r y ONES 4 r. 10 9 
a 4 I . N EE wt 1. "%- 


Times. „5 Lat. 60 8 
i" H. M. 8 Al VN. 8. e 0 0 ££0,00020 
YH 1-0, O 28 33 248303 5 — — 
1 : 1 3 0 0 2028835347 Log. rai ,30103 
5 Flap. T. 2 0 © 12956 Its log. 4,7724) 
4 EIT, « o Its log. in col. of Elap tune _ 8 
| y ; 2 o o Its log. in col. of mid time 5,00050 
5 Nr o Its log. from. col. of riſing 3,3243 
* D. per W. 1 O0 © | - Log. ratio e, 30103 
1 N. num. 1 3723140 
48303 5 „„ 
00 ©; | 


Nat. S. Sun's mer. alt. $0007 30 O Sun's meridian alt. 


60 © Latitude. 


The latitude by computation, coming the ſame with the latitude 
by account, ſhews that the latitude by account was right, From 
the foregoing examples it is plain, that the operation is the ſame, 
whether the ſun hath north or ſouth declination. And it will be 

the ſame whether the ſhip is in a north or ſouth latituae, It is alſo 
clear, that when the ſun has no declination, the ſecant, rejecting the 
index of che latitude, is wo log. ratio. 


EXAMPLE V. 


5 


W anting to go through the N. Channel among the Maldives, 
and by account being in latitude 7* 40' N. the declination being then | 
22” 47. N. at 7 H. 25 M. 40'S. A. M. the true altitude of the ſun's. N 
centre was 22” 30, and at 10 Hf. 31 M. 48 S8. A. M. it was found 
635 05 Required the ſhip's true latitude ? 

Times it 


F ˙— |. Er En, a IS 4 


— 
E 
— 

* 


— 
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. 
— — 


. RY Alt. Nat. 8. Lat. * 740 0,00390 
Times 10 3148 63” 40 89123 Declin. 22 47 , 3528 


Fo 
= * i a 
» - k A 
oth ” 4 N < * 
; | * TY 
; ; Us, 
N 7 " 1 a 
| + ah 2 fac Zac Fr 
PM . Wa * 43.4 4% 2 RI ths W MT * 
I" + , rn e eve _ mn” n 8 r > Fl 
. n 5 . 2 ON TCR. Mb - 2 * . . 2 * I wh 
. ͤ ͤh— — — — VA ESE = . 
EE = PP ee ee ee — — 2 — r SS 
— 2 T IK 2 — "RT r E . * r 


| 1 7 1 40 30 38268 — E 
| —— — Log. ratio 0,3918 ; 
Elap. . 3 6 * . $1355 Its log a8 
1 El. T. 1 33 04 Its log. in col. of z clap. time is 0,40 368 | 
| —ůä— > H. M. 8s. i 
1 | | „„ % 3 1 3 5515344 "= 
Ter, a8: 26 In; g in col. of 1 3 3786709 z | 
T. p. 3 18 13 +, Log. ratio 0,03918 "ao 
3 W. flow o o 14 6728 Nat. num. 3.82791 il 0 
0 = - 90 o 89623 ———— N. * gr. alt. ll; | 
3 96351 N. 8. are s mer. a. ve 29. = 
Zen. diſt, 15 31N. | i 
7 : Decl. 22: 47 Ne a 
oO mn CE CC 8 1 
EPs | | Lot in - | FS 16 north. ; - 1 
5 "0 
. 1 B. As the tables are only calculated. to 30 ſeconds; the log. — 
3 for any intermediate ſeconds is found by taking the difference be- 45 
53 tween the log. next greater and next leſs; and ſaying, as 30 ſeconds =D x 
_ is to that difference, ſo is the given ſeconds to the difference of the 14 
40 logarithms z: or, if it be any even part, take ſuch a part of the diffe- 
rence, and apply it to the next Jeſs logarithm; but in theſe opera- 
tions a few ſeconds are not regarded. ; 
SECOND OrkRATLox. 
ND | | Lat, | 70160 0,00350 
ide 9 ; Dec. " 2% 47 | 5,3528 
oy | OL, 55 | — 
ne, + | Log. ratio 0,03878 
be a H. M. & - 4,71058 
Iſo . „ „ 5 
= | 7 x40 „ 5, 40368 
FT NM : H. M. 8. 
„ = 3 130 Js. 
True time 1 28 . | 8 — — 
MS . | | | 80700 
N. S. gr. alt. — 89623 Log. ratio 0, 0387 
ves, | 5 1 2735 N. num. 2 
then 1 Log. 382831 


uns N.s. Sun” s m. alt. 963586274 29. Hence the lat. inis7 16 N. 


The 8 lift found, agreeing with that uſed in the operation, 
imes it may be taken a as the true ititude; 5 and the opere is repeated 


. 


212 : NEW METHOD OF FINDING 


Hence it is plain, that if you are miſtaken in the latitude by account, 
pet by repeating the work two or three times, making uſe of the la- 
titude laſt found in the next operation, it will at laſt diſcover itſelf 
to be true, by being equal to the laſt ſuppoſition, which evidently 

ſhews the excellency of theſe tables. „ | 
In the former examples we have conſidered both altitudes taken 
at the ſame place or {tation ; but as that is ſeldom the caſe at ſea, the 
neceſſary correction for any alteration of ſtation may be readily made 

28 follows: | Do: . 


H. M. 


FR R "7 : n "ww. 2 _— 8 4 —— * 3 —— — *- 
— gn ch any 7 2 hee” D > ak — hy 4-2 If 5 — * ; 
* * "MY * N 66 2 Wo ? ” CREED R „ * h 3 r 
« $ BY. * N 838 3 ö * 4 


— Sa 4 man»; _ * \ <> r= 5 8 2 
r n OS = ESR 8 2 7 . aa. . * F —_—_ re 
— —— pr n r e e Rr CITING TS, WET : 
b a n 3 Sr > "a8 2 8 8 W pot - enn . Fa "I * 
- o - * IP oy as S* > Es + F ys n A = : — 8 3 8 


ar" 
«A 
— 


SubtraCted is the elapſed time _ „ 


— * 
—— 's E 
* R 7 * 7 
* 
= 
% & '% x 


* 
— 


— 
** 


It a ſhip has been failing to the eaſtward, the above two minutes 


- » - muft be added; but unleſs the difference of longitude be conſider- 


error in the latitude. Es | 

Again, if the ſhip ſails or makes towards that point of the com- 
paſs which the ſun bears upon, the muſt raiſe the ſun's altitude as 
many minutes as the miles the has run towards it; therefore the 
miles run towards the ſun muſt be added to the firſt altitude ; but if 


, Y : wy 
D " — * . 
v1 . Hee 2%. fe ma 8 
1 > 2 
— ——— — 
rr. I ee 
MW OPT NDOT SY IST 2” 
2 * 


I 
- 


<--—2D F 2 2 * 
* — 
————w 


BY! few, they are not worth. minding : and then the ſeaman may make 
1 2 very good eſtimation by looking at the log board only, who, by 
= that, will be able to aſcertain the diſtance failed to, or from the fun, 
"SR between the obſervations, which will be of ſufficient exactneſs in the 

practice of navigation; and if the ſhip makes an angle with the ſun's 

bearing, it may be readily found by the table of difference of latitude 
and departure, and then either add or ſubtract, according as the cale 
requires; as may be ſeen in the following examples, which are in- 


mex. 5 
| EXAMPLE VI. 


5 Channel, in a brif gale running N. by E. 1 E. per compaſs, at the 
ate of 9g knots per hour, at 10 H. o M. A. M. per watch ; obſerved 


„ 23˙ 28 8. Required the true latitude? : 


* 
* 


The 


With very little additional trouble, few alterations being neceſſary, 


* Suppoſe the firſt altitude in the forenoon, at 18 2 
j The ſecond altitude in the afternoon, at 2 h. 43 m. 14 43 
. Difference of longitude made is 30 miles W. equal to © 2 
9 * 5 ns Es 8 8 1 C 
bh 3 7 2 14 41 
1 5 ED > 10-20 


able, it is not worth notice, as it will make a very inconſiderable 


falling from the fun, the ſame muſt be ſubtracted ; if they are but 


ſerted for the benefit of thoſe who 1equire a greater degree ot accu- 


Suppoſe a ſhip from the Bay of Biſcay, bound to the Engliſh 


— 


5 the ſun's altitude 139 18 bearing 8. 4 E. by compats, and at 1 H. 
40 M. P. M. per watch, the ſun's altitude again was found 14 15, 
the latitude by account being 49917 N. and the ſun's declination 


1 


— 


$5 
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= Dye Correction to the Firſt Altitude. 


The time of the firſt obſervation is 10 H. o M. A. M. and of the 
ſecond 1 H. 40 M. P. M. the elapſed time is 3 H. 40 M. and the 
rate of ſailing is 9 miles per hour; then ſay, by the Rule of Three, 
as 1 Hl. is to ꝙ miles, ſo is 3 H. 40 M. to 33 miles, the diſtance run 
in the elapſed time. „5 
Again, the ſun's bearing at the firſt obſervation is ſouth + E. the 
_ oppoſite point to which is N. + W. or + point, and the ſhip's courſe 
during the elap. time is N. by E. 4 E. 1 + points, fo the angle of 
ſhip's courſe with the ſun's bearing is 2 7 points. Ln 
| Now in the table of difference of latitude and departure, to the 
courſe 2+ points, and diſtance 33, the difference of latitude is 29, 
and the ſhip ſails from the ſun: therefore from the firſt obſerved al- 
titude 13% 18 take 20% the remainder 12% 49, the firſt altitude cor- 


rected, which is to be uſed in the operation, as follows:: 


Let the circle repreſent 
the compaſs N, 8, E, W, 
and A the ſhip's place, 
Take the ſhip's courſe N. 
by E. 4 E. or 14 point, and 
ſet it off from the north to- 
wards the eaſt; take the 

ſun's bearing S. 3 E. or 4 

of a point, and ſet it off 
from the ſouth towards 
the eaſt; the oppoſite point 
is A G, N. 1 W. then 
will G A C be the angle 
the ſhip has made during 
the elapſed time, which 
angle being ſet off from 
the north, (or meridian) 
to the eaſt, will be the 
true courſe the ſhip has 
made from the ſun, as the IN | odds 
angle BAD. From A to D ſet off 33 miles, the diſtance failed in 
the elapled time, from D draw a line pirallel to the E. and W. to 
cut the north or meridian line at B, then A B will be the difference 
of latitude 29 miles, that the ſhip has ſailed from the ſun during 
elapſed time; which being ſubtracted from the firſt altitude leaves 
the firſt altitude 125 4 which is to be uſed in the operation. Had 
the ſhip failed towards the ſun, the above 29 miles mult have been 
added to thè firſt altitude, bp ents | 
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buy account, the Fork mult be repeated. 


NEW METHOD OF FINDING 


H. M. s. e | Nat. S. Lat. 49% 05185564 
Times 10 0 4 14®15= 24615 Decl. 23 28 203749 
1 40 = 22188 


pr 8 - Log. ratio 0,22303 
on Ela. . 3 40 © Diff. N. 8. 2430 Its lag. $528904 
— Set TE IM 5 log. 5, 33359 
0 10 0 Time correſponding to 91 3594423 

1 40 Oo Its log. in col. of riſing i 1 | 397170 

: Log. ratio _ — 0522303 

90 0 0 5606 Nat. num, of _ 3574857 

17 35 | | es a os 


Zen. diſt. 72 25 N. s M. Alt. 30221 = 27 3 
Declination 23 2.5 1 3 795 


Latitude 48 57 N. | 
But as the Jatitude by computation differs conſiderably from that 


Latitude 15 485% 0.18262 
Declination 23 28 =0,03749 
Fr Log. ratio . 22011 
H. M. s. Diff. S. N. 2430 Its log. 338561 
1 50 © Its log. 0,33559 
5 010 o Time anſwering to 394131 
90 6 1 40 o Its log. in col. of riſing 3,97170 
= 27 $7 Log. ratio — | , O,22011 
Zen. viſt 72 23 B. 5644 Nat. num. of 3,75159 


Declina. 23 285. 24615 


Tr. lat. | 48 55 N. 30250 N. S. mer. alt. 179 37 


This latitude differing only 2 miles from that uſed in the m— 

tation, it may be depended upon as the true latitude. | 
EA LE VI. 8 

A ſhip ſailing N. E. half E. by compaſs, at the rate of 9 knots an 
e at OH. 31 M. 40S. P. M. per watch, I found the altitude of 
the ſun's lower limb 28? 20“ above the horizan of the ſea, the eye 
being elevated 20 feet above the ſurface of the water, and the ſun's 
bearing by compaſs being at the ſame time S. by W. and at 2 H. 
58 M. 20 8. P. M. by watch, the altitude of the ſun's lower limb 
was 16? 41 above the horizon, the eye being elevated as before, and 
the latitude by account, at the time of the laſt obſervation, was 


- 48? north, and the declination 1 317 ſouth, TT, the true 
latitude at taking the laft obſervation ? 


Firſt 


- |. G9 


THE LATITUDE AT 4. 


Firſt ld alt. ſun's 3 limb. 28® 20” 


Second ditto 1604 


RefraQion to be ſubtracted ie . 
Correction for refraction 28 18 16 38 
Dip of the horizon ſubtracted _ 4 4 
App. alt. 8 280 14 85 | 10 34 
Sun's ſemidiameter added- o 16 ©» 0 1 
Correct altitude of ſun's centre „ 1 16 50 


correllin for the firſt Altitude. 


The time of the firſt obſervation oH, 31 M. 408. P. M. of the 
ſecond 2 H. 58 M. 20 S. P. M. ſo the elapſed time is 2 H. 26 M. 40 
os the rate of failing is 9 miles per hour. Then as 1 H.: g miles 
2 H. 26 M. 40S. : 22 miles, the diſtance run in the elapſed time. 
Again, the ſun's bearing at the firſt obſervation is S. by W. the 
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the ſun's bearing is 


oppolite point to which is N. by E. or 1 point. > 3 
| The ſhip's courſe during the cla. time is N. E. 4 E. or 42 a NF 
t So the angle of the ſhip's courſe wit 4 


2 In the table of difference of latitude and „ to the . 

9 31 points, and diſtance 22 miles, the difference of latitude i is 17 ö 
8 miles, while the ſhip ſails from the ſua, 

1 Wherefore, firſt obſerved altitude 28x30 —17˙ 281 1 the firſt 
1 correct altitude to be uſed in the operation. 

9 Ho M. % A MN. Lt by ac. 482 O , 17449 
1 Times o 31 40 28913 47281 Declin. 13 17 , 1178 

0 24 38 20 16 50 28959 — — 
0 | — — — Log. ratio 0, 18627 
1 Ela. T. 2 26 40 Dif. N. 8. 18322 Its log. 5 e 5 
39 El. T. 1 13 20 Its log. from col. of f elapl, ume 0,50232 = 


1 46 30 In col. of mid. time correſponding to 3 | 


— — 


qa „„ S217 10 Irs log. from col. of riſing 3501923 
Log. ratio | 818327 
ay 8. gr. alt. 47281 . | — 
5 681 N. num. of | 2,83290 
Mer, alt. 28 40 e 
N. S. mer. alt. 47962 289 40 
Zen. diſt. 61 20 8. 
Decl. 13 17 8. 
Lat. 48 3 N. 2 
And as it differs but three miles from the latitude by account, it 
may be taken as the true latitude. "OY 
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Queftions for Exerciſe 


1ſt. Being at do in latitude by account 39 928 N. when the ſun's 
declination was 2041 N. at 11H. 30 M. 158. A.M. per watch, 
the altitude of the ſun's lower limb was obſerved to be 68? 18' 45”, 
and at 12 H. 26 M. 28 8. P. M. it was 70 585 the height of the eye 
being 21 feet above the ſurface of the ſea. Required the true lati- 
tuce of the ſhip? Anſwer, 39” 25 5 

2d, Being at ſea in lat. 50 40“ N. by account, at 10 Hl. 17 M. 
30 8. A. . per watch, the altitude of the ſun's lower limb was ob- 
ſerved to be 17 4 5, and at 11 H. 17 M. 30 S. it was 19? 31'Z 
the declination being then 20% N. and the height of the eye 21 fect 
above the ſea. Required the latitude in ? Anſwer 50 NM. 

171 Suppoſe a ſhip at fea in lat. 45? 34/ N. by account, at 9H. 
55 M. 30 S. by watch, the altitude cf the ſun's lower limb was 17 24, 
bearing by compals 8. by E. 4 E. and at 12 H. 54 M. 10 8. his 
altitude was 2145 45 the declin. being then 19? 30'S. the height of 


the eye 20 feet above the fea, and the ſhip” s courſe by compaſs was f 
E. 2 S. at che rate of 7 knots per hour. What was the latitude ? 
Anſwer 47* 24 N. b 


th. At 11 H. 28 M. 208. A. M. per watch, the altitude of the 
ſun's lower limb was 28? 18), the ſun bearing then S8. by W. by 
compals. At 2 H. 58 M. 20 S. P. M. his altitude was 405 40, the 
height of the eye 20 feet, his declination being then 13917 N. and 
the latitude then by account 47 50 N. the ſhip's S0 during the 
elapſed time was N. E. with oo lardoard tacks on board, failing at 
the rate of ſix knots, and made half a point lee-way. What latitude 
was ſhe in when the luſt altitude was taken? Anſwer 489 N. 

By the ſhip's courſe per compaſs is to be underſtood, its courſe 
male good, lee-way, if any, being firſt allowed, or the courſe, by 
compals, corrected for the lee way only, but not for the variation. 
Had the variation of the compaſs been applied, both to the ſhip's 
courſe and the ſun's bearing, it would not have made any difference 
in the operation or reſult, as the angle formed by them will always 
be the tame, whether they are both eſtimated by the compals, or 
when the variation is allowed on both. 

This method of finding the latitude is of excellent uſe. ſince there 


are ſo many circum*ances at ſea, which deny the opportunity of H 
having the tun's meridian altitude ; and as the knowing the true la- chan 
titude is of the gieateſt conſequence, eſpecially in coming into the Ag 

Engliſh channel, &c, where there are frequent obſtructions of clouds, aha; 

ake 


every ſeaman ought to be ready at determining his latitude, by this 
method, whenever an opportunity offers, leſt he ſhou:d not lee tee ( the 
ſun upon the meridian. g 
Nor k. The nearer to noon the obſervations are taken, the bettet; 
provided the elapſed time be not much leſs than half the interval of 


time, when they are both taken on the ſame ſide of noon, nor much 
N 5 greate! 


. 
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greater than once and half the greater interval, when taken on diffe- 
rent des of noon. | 


Wot 


To find the Lenten by one Area of 4 Sun, when the 
Aime is not more diftant than one Hour from Nen. 


R 0 LE a 5 
N To find the true Time, | 5 
HEN the ſun's declination and complement of the latitude 


are both north or both {outh, their ſum, but if one be north 


and the other ſouth, their difference i is the meridian altitude. 


From the natural line of the ſun's meridian iu ſubtract the | 


natural fine of the true altitude. 
Then add together, 
The log. co-ſecant of the comp. of the lat. C5 
The log. ſecant of the ſun's declination, t reject their indexes, 
and the common logarithm of the di ifference of natural fines into one 
ſum. The ſum of theſe three logarithms, being found in the column 


of riſing, the hours, minutes, and ſeconds correſponding to it, will | 


be the true time from noon when the altitude Was taken. 


„ EXAMPLE, 

Being at ſea in lat 504 N. by account when the ſuh's 8 

tion was 20“ ſouth, at 11 f. 17 M. A. M. per watch, ſun's alt, Was 
19% 41% Required the true time? 

Comp. lat. 39. 20 N. Co- ſec. o. 1983 

Declination 20. 00. 8. Sec. o. 2701 


——— —äUm̃— 


Sup. in alt. 19. 20 Nat. ſine 33706 


J.. ra. o. 22504 
Obſer. alt. 19. 41 Nat, ſine3 W 


576 Col. l. 2. 5 „ 

12. 00. 00 

* in col. of riſing 2. 98546 is=00. 32 00 
| True time at ſea 11. 28 

Having the true time previous to the obſervation, to find the 
change of altitude. 

Add together the logarithm found in the col. of riſing anſwering 
to the minutes and ſeconds the ſun had to riſe when the altitude was 
taken, and the ſecant of the ſuppoſed meridian altitude from this ſum, 
(the index being increaſed by 5*,) ſubtract the log ratio, the remain- 
der is the log. fine of the change of altitude from the time of obſer- 
vation to noon z which being added to the obſerved altitude 1 the 
ſun” 8 meridian altitude, 


— ämb— ʒm— 


1 


„ The 5 is the id of fix hows] in the column of iiſing. . 
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Tat in col. of riſing of 32. M. 2. 98820 Obſer. alt. 19. 4r 


Log. ſec, m. alt. 19 20 . 02521 Cha. of alt. + 21 
: Increaſe index 4 1 5. 8 | 1 m. alt. 20. 02 
Subtract log. ratio 9. 22504 


Log: ſine chan of ale 21 min. 7. 78937 
| E x A Me L E. u. 


Being at ſea i in lat. 60 north by account when the ſun was on the 
equator at 1 H. o M. P. per watch, the ſun's alt. was 28 53. Re- 


quired the true time and latitude in? 
Com. lat. 30.00 N. Nat. fine $0000 C. ſec, 0.30103 Log. ratio, 


Ob. alt. i 28.53 Nat. ſine $9303, 


c 
C 


Ch. of RE Ron : 1697 Com, log. 3. 22968 
T. m. alt. 30.01 "This: in a col. of riſing i 1s = 3. 53071==1.00 T. . - 
The S. CO Sn e i 
0 „ 8.59318 di 
Subtract log. ratio | 9. 30103 | 
4 Log. ſine chan. of alt. 19 o8'. 8. 2925 5 1 | 5 
EXAMPLE HE, - th 


Being at tes in lat. 300 28' north by account, ſun' 's declination 20 WM rer 
41 north at 26 M. 28 8. P. M. ſun's alt. was 7h 10. Required 
the true time and latitude at the ſhip | ? 


Comp. lat. 50.32 N. | | Co. ſec. ON 1239 
PDeclination 20.41 N. Nat. ſine 94674 Secant 6. 02893 
Sop. m. alt. 71.13 Nat. ſine 94646 — OT 41J2 * 
| | | 28 Com, log. 1.44716 
| M2 — — 1. 
Obſer. alt. 71. 10 Lo. in col. of riſing i is = 1.58848=6.30 T. T, 
„„ Log. ſec. ſup. mer, alt. 0.49216 (lat ſh. 
T. mer. alt. 71.13 Inereaſe _—_— — 
Zen. diſt. 18.47 8. ; 1.08064 gu 
Declination 2 20.41 N. Subtract log. ratio 3 moo 
ſhoul 


, , N. ſi chan. of alt 5 6. 3 „ 
Lat. in 39 28 N. L. ſine 5 3 m. 93 gor the 1 
5 _ 


20? 
ired 


T. T. 
at ln. 
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| N O T E S. 
1. The altitudes for determining how much the watch dilldrs a appa- 


rent time had better be taken in the ROBY or evening, when the ſun's 
altitude does not exceed 18 degrees. 


2d. An error in the ſuppoſed latitude can make very ſmall difference in the 


: change of altitude; and the nearer the altitude | is taken to novn _ better to 


find the change of. altitude. 
34. This method is not to be depended on mould the apparent time exceed 
an hour from noon, and in ſome inſtances, not then; ſuch as altitudes taken 


near the equator ; or when the meridian Ae exceeds 60 degrees; nor is 


there much occaſion for this method, or that of the doüble altitudes there, 
ſince there is generally a clear horizon, and conſequently” a meridian altitude 
ealily obtained. | 


To find the Latitude by the Meridian Altitude of the Moon. 


N page 6th of the month in the Nautical Almanac, find the time 
[ of the moon's paſſing over the meridian of Greenwich. 

Turn the longitude into time, by Table XI. and add it to the 
above time, if it be weſt, but ſubtract it, it it be eaſt: the ſum or 


difference will be nearly the time of her paſſage over the meridian 


of the place of obſervation ; which call reduced time. 


In page 7th of the month i in the Almanac, find the moon's und- 
diameter, and horizontal parallax, at the reduced time. | 


Take the difference between the moon's ſemidiameter and Tins 
and add it to the obſerved altitude, if the lower limb was obſerved, 
but ſubtract their ſum if the upper limb was obſerved ; the fum or 
difference will be the apparent altitude of her centre. 


From the proportion logarithm of the moon's horizontal parallax, 


found in Table 1X. increaſing its index by 10, ſubtract the log. co- 
line of the moon's apparent alt. the remainder will be the prop. log. 
of the moon's parallax in altitude, from which take her refraction, 


the difference will be a correction, which being added to the appa- 


rent altitude, will give the true altitude of her centte: hence the 


zenith diſtance, to which apply her declination, and you will have 


the latitude. 
Nork. The moon's declination i is ſet down in page the 6th of the 
month for every noon and midnight in the Nautical Almanac. 


Therefore find the declination for the neareſt noon and midnight 


both before and after the reduced time, and take the difference, 

Then as-12 hours: is to the difference in 12 hours : : ſo is the re- 
duced time to a proportional part; which being added to, or ſub- 
tracted from the declination, the noon or midni ght before the reduced 
time, according as it is increaſing or decreaſing, will give the decli- 
nation at the time and place of obſervation. | 


EXAMPLE 4 


Suppoſe on Sept. 21, 1796, in long. 45? weſt, the altitude of the 
moon's lower limb, when on the meridian ſouth of the obſerver, 
ſhould be 67® 43% the eye being 23 feet above the ſea. e 
the eee 5 

By 


- 
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By the Almanac, e mae 4 over the wi of Greenwich 
that day at 16 H. 10 M. afternoon, and the 450 weſt turned into time 
and added to it, gives 19 H. 10 M. that is 7 H. 10 M. paſt midnigat, 
the time ſhe palles es the meridian of the place of obſervation. 

Hor. par. 50 15* Prop. log. 10,4826 Moon's obi. alt. 679 43 30% 
App. alt. 67 55 Log. co-11. 0,5751 Sem. dia. 1658“ 
— Dip. 4343 


Prop. l. of M's. p. in alt. 22 16“ 9075 — 
Moon's refraction 23 App. alt. 67 55 4 
21 53 Correct of moon's alt. 21 53 

Y . 1 — 
Moon's deel. at midnight 7 8 37 37 Ms. tr. alt. 68 16 £7. 


Sept. 22d, ditto at noon 19 23 1 3 95 555 


©] BY | 146 18 40 Zen. diſt. 214338. | 
As 12 Hf.: 1 46 : 7 H. 10 M. : 1˙ “ Decl. 18 40 ON. 


Tg c 


Lat. in 40 23 3N, ii 
Nome. If the neareſt minutes are taken and the ſeconds rejected, t 
it will be 1 a exact tor the purpole of backe the latitude. 


EXAMPLE II. 


Shppoſe on Dec. 12, 1796, in long. 30” eaſt, 10 alt. of the moon's 
upper limb ſhould be obſerved when on the meridian, being then 
ſouth 50 155 the eye 20 feet above the ſea. Required the latitude ? 

he moon paſſes over the meridian of Greenwich that day, by the 
Almanac, at II H. 23 M. afternoon, ' Thelong. in time 2 H. ſub- 
tracted from 11 H. 23 M. leaves 9 H. 23 M. for the time ſhe paſſes 
the meridian at the place of obſervation. 

At this time the moon's ſemi- diameter is found to be 16 41, and 
her horizontal parallax 61 10”. | 
H. par. 617 Toy P. L. 10, 4687 Alt. M.'s up. J. 5675 0 

Ap. alt. 555 Coſ. 977487 Sem. diam. 16' 41” 
| . Dip. „„ 57 


Ma 


P. log. of P. in alt. 34 18" 7200 


Refrattion 38 "App, ,, $6 9 

— Cor. of moon's alt. 33 40 

33 49 : re ITY 
| Iren 0 $743 | 
Moon? bet. Dec. 13, at noon i | go e - P 
Ditto at midnight =: 20 59 t e ſame 
— Zen. diſt. 33 32 17 kemi 
8 5 Diff. IF 41 | | 4 moo 
As 12 H.: x 417 ::9H, 23: 110 TI Decl. 20 37 0 1 
| Cp Z0n, 


Decl, at noon 19 18 


Lat. 54 9 77 dow 
. les b 


FF 


To 
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75 fin the Latitude by the Meridian Altitude of a Planet. | 
In page 4th of the month in the Nautical Almanac are given the 


declinations and times of the planets' pallage over the meridian of 
Greenwich every ſix days. P 


Reduce the longitude into time, and add i it to, or lubtrad 7 it from 
the times of their paſſage over the meridian of Greenwich, accord- 
ing as their longitude is eaſt or weſt : the ſum or ene will be 


the time they paſs the meridian of the place of obſervation: correct 
the obſerved altitude for the dip. and refraction, with this corrected 


altitude and declination find the latitude z - as for 


EXAMPLE. 8 


Suppoſe i in long. 45 W. on OR. 1, 1796, the meridian altitade 
of Jupiter, when ſouth of the obſerver, ſhould be 41% 30, the eye 
22 feet above the ſea, and the latitude be required ? | 


By the Almanac, Jupiter paſſes the meridian of Seni that 
day at ꝙ h. 53 m. afternoon; and 3 h. the long. in time, added to 
it gives 53 m. after 12 at night, when he paſſes over the meridian of 


the place of obſervation. 


Meridian alt. — 9% 

Dip, 4 25 + Refract. 1 4 0 5 33- 

- . alt. 41 24 28 

” 90 | 
DS One 48 35 328. 
3 Declination 11 12 OS. 
| Latitude 5 37 23 32N. 


The declination of the planets are ſet down for every 6 days, but 
may be found for intermediate days by ng proportional parts. 


9 


OF THE FARALLAY 


ARALLAX is the difference between the altitude of the ſun, 


moon, or ſtar, and the altitude of the fame ohject ſcen at the 


gle the earth's 


lame time from the earth's ſurface; or it is the ang] 


ſemi-diameter would appear under by an ober ver placed at the ſun, 


moon, or ſtar. | 
The parallax of the heavenly bodies are greateſt when in the hori- 
20n, hence called the horizontal parallax; that of the moon's is ſet 
down in the Nautical Almanac for every noon and midnight, ana 
lies between 54 and 62'; the parallax diminiſhes according to the 
| . = | altitude 
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thing; the difference of the elevation of objects is Called the parallax 
horizontal parallax, ſo is the co-ſine of the altitude to the parallax in 


are elevated above their true altitudes by refraction. 


tal parallax ſet down in the Nautical Almanac for every noon and 


planets, owing to her being neareft the earth, the vaſt diſtance of 


' planets, their diſtance. may be- found, by ſaying, : as the tangent g the t 


* 


222 "25, OF THE PARALLAX. 


ahindle of the object until it comes to the Zenith, wh it is no- 
in altitude, and it is eaſy calculated by ſaying, as radius is to the 


altitude: now, as all objects are depreſſed by their parallax, ſo wy 


. 5 < —— 
, = V | OY 
ol 
Fa 5 
2 | R Mi. 
i 7 TT) MD t 


7 


Let PT repreſent the earth, T the centre, W V a part of the & 


moon's orbit, DD part of the ſun's 1 and the rational as well 


as AA is the ſenſible horizon. 
Now, an obſerver at T will ſee the moon in the line ) Ry when 


another at Pat the ſame time will ſee her in the line Þ Ain the ſen- E 


ſible horizon, and the angle P) T=MT DAD Riis the horizon- 


midnight, and lies between 54/ and 62'; this angle diminiſhes as the 
object approaches the zenith; for ſuppoſe the moon in the line P, 
BC o=EPrST is lets than the < A DRS I d, tt 
diminiſhing until it comes to the zenith Z, where it is nothing. 
To find the diminution of parallax in altitude, lay, as radius: is to 
the horizontal parallax ; : ſo is the co- ſine of oy apparent altitude : to 
the parallax in altitude. 

1 he parallax of the moon is greater hs: any of the reſt of the 


the ſun and ſtars rendering their parallax fo ſmall, that they are alben 
neglected in nautical calculations; for ſuppoſe the ſun at F or 8) 1 
then the < TFP=q TF is the ſun's parallax, about 8 & ſeconds. 

Having the earth's ſemi-diameter and the parallax of any of the W her : 


the parallax : is to the earth' 's ſemi- diameter i in miles :: ſo is radius dec]; 
: to the diftance, T 


1 the Se the parallax is onen by ſaying, As the dil and 
tance 


4 
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tance : is to rudi: :: ſo is the earth's ſemidiameter : to the tangent 


of the parallax, s 


The earth's ſemidiameter is 1146 nautical leagues, the ſun's diſ- _ 
tance from the earth is 27,809,344, the moon 69,059, Mercury 


10,764,593, Venus 20,115,400, 'Mars 42,372,897, Jupiter 
144,035,833, and Saturn 265,283,503 leagues. 


To reduce the Sur? s Declnation from Noon at Greenwich, to the 
NOOW under any other Meridian. By Table XVIII. 


. E, 


iſ. it, Wrrg the longitude i in from Greenwich, in the top column 


expreſſed both in time and degrees, look for that anſwer- 
ing neareſt to your longitude in. 
2d. Look for the day of the month in the ſide column, the number 
of minutes and ſeconds where that cuts (in the ſame col. of your 
longitude in) is either to be added to, or ſubtracted from the declina- 


tion that day at Greenwich. 


To know whether it is to be added, or ſubtracted, Jook at the 
top, and under the column of the day of the month you will ſee, add 
in eaſt, or ſubtract in weſt, (and vice ver/a) which having done will 


give the true declination for the noon at the place of oblereations 


EXAMPLE. Oe. 


n FE true declination, Odtober 10, I 796, in longitude 52* 
E. of Greenwich. 


Sun's decl. Oct. 10 at Greenwich 17 * 32 per Ephemeris; 
Varia, of dec]. per tables, Oct. q, 


and long. 522 eaſt gives $9.3 3 15 to be ſub. in eaſt long. | 


ng decl. Oct. 10, 1 52 E. 6 58 . 


To reduce the Sue 5  Declination from Wo at any Meridian, to any 
| other Time under that Meridian. | 


* 6 LK 


it. With the time from noon in the top of column, look for that 
anſwering neareſt to this time. 
2d. Look for the day of the month in the fide colon the num 
ber of minutes and ſeconds, where that cuts (in the ſame column of 
the time from noon) is either to be added to, or ſubtracted from the 
declination that day at Greenwich, noon. | | 
To know whether it is to be added or ſubtracted, look at the top, 
and under the column of the day of the month you will ſee, add 
"ernoon, or ſubtract before noon, (ande vice verſa) which your * 
| pF done, 
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done, wil give you the true declination for any time differing from 


noon. 
Nore. In all Ge tion for determining the longitude, the ſun's 


declination is taken out of the Nautical Almanac, as it is there cal. 


culated to che neareſt ſecond. 
r I. E. I. 


Required the ſun's true declination October the 10th, 1796, at 


8 H. 21 M. in the forenoon, in longitude 525 eaſt of Greenwich? 


Variation of dec]. Oct. 10, per table in . 52 E. 
ſubtract in eaſt longitude — 3 5 | 3 15 
Variation for Decl. for zh. 39m. from noon Oct. 5 3 
per tables to be ſubtracted before noon, i ” * 
Sum of variations ſubtract . 0 6 41 


Sun's declination per Naut. Al. Oct. 10, at Greenwich . 


Tide decli. On. 1c, in long. 52 E. * © Hs 21 m. A. M. 6 6 215, 


EXAMPLE II. 


. the fun? s true declination, May 7, 1795 at 5 h. 30 m. 
P. M. and in longitude 35 300 welt of Greenwich * 
Varia. of declination May 7, in ng. 53” 30 welt H. M. 8. 
Add in weſt longitude 0 0 141 
Varia. of decli. for 5 h. 30 m. from noon May 7, 55 
per tables, to be added afternoon, 1 3 5² 


Sum of Varia. Add, or correction of declinatin 0 : 37. 
Sun's declination May 7: per ern . 


. decl. May 7, long. 35. 30 W. at * 30 m. p. M. 17 10 57 
The above method will give the ſun's declination ſufficiently cor- 


rect for all nautical purpoſes ; but thoſe who wiſh to come to the 


greateſt degree of exactneſs may uſe the following method. 
un the ſhip's longitude into time by Table XI. and add to it 
the time per watch, if the longitude be weſt, but ſubtract it if the 
| longitude be caſt, the ſum or difference will be the time at Green- 
wich, which call the reduced time. 

Look i in the Nautical Almanac ſor the given day, RF in page the 
2d of the month ſtands the ſun's declination. 

If the reduced time be in the morning, take the difference of de- 
clination between the noon before and noon after the reduced time. 

Then fay by the Rule of Three, 

As 24 hours: is to the daily difference of „ 252 -ſo 1 is the 
reduced time : to a number of minutes and ſeconds, which being 
added to the declination the noon befote if it be increaſing, or ſub- 


tracting it if decreaſing, the ſum or ditterence will be the declination 


at the ſhip. TT | | ” 


CR —- 


\. 
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_ N 


| Ty | Sud the Apparent Time, and therebycregulate the going of 


the Watch, and Firſt, by Equal Alttudes of the Sun. 


T the time when the watch ſtands in need of being regulated 

for the obſervations intended, let the ſun's altitude be taken at 

any convenient time in the forenoon, 2, 3, 4, or 5 hours diſtant from 
the meridian. Set down the altitude with the correſponding time 
exactly the index being already ſet to the morning altitude: ) note 
down the time of the ſame altitude in the afternoon ; half the ſum _ 
of theſe two times is the apparent time ſhewn by the clock or watch 
when the ſun was upon the meridian of that place. But it muſt here 
be obſerved, that if the change of declination be conſiderable during 
the elapſed time, it muſt be allowed for, by adding the difference to, 
or ſubtracting it from, the ſecond altitude, according as it is increaf=- 
ing or decreaſing. Leſt that an altitude taken in the forenoon; can- 


not by the interpoſition of the clouds have a correſponding one in the 


afternoon ; it is therefore proper to take ſeveral in the forenoon, in 
order to ſecure a correſponding one in the afternoon. 
veral equal altitudes can be taken on both ſides of the meridian, it 
will be beſt to find the noons for each' pair, and the means of all 
the noons thus found for the true one. „„ 
When there is reaſon to believe that the watch gains or loſes 
conſiderably, other ſets of obſervations may be taken on ſucceſſive 
days, whereby the daily variation may be found and allowed for; 
by which means the artiſt will have little more to do in finding his 
longitude by obſervation, than to reduce the obſerved diſtance of the 
objects to the true diſtance of their centres; the ſhip's time being 
ſhewn by the watch previouſly regulated. | 


EXAMPLES. as 


And, if ſe= 


May 20, 1796, ſuppoſe that at 

h. 40 m. in the forenoon, and 
3h. 16 m. afternoon by watch, 
the ſun had equal altitudes, and 
tie going of the watch be re- 
quired ? 32 


H. M. 

Now add together 12 0 

| 8 40 

4 38 

2)23 56 

7 gives noon per watch 11 58 

Tue noon e 12 0 
Watch ſlow — 


2 
FF 


March 18, 1796, in lat. 49” N. 
ſuppoſe at 8n. 10m. 58s. fore- 
noon, and at 3 h. 58 m. 34 8. you 
have equal altitudes of the ſun. 
Required the going of the watch? 

The diſtance of the time from 
noon when the firſt was taken is 
3 h. 49 m. 25. doubled is 7 h. 
38 m. 45. and the daily decreaſe 
of declin. at this time is 23m. 41s. 

Now as 24 h.: 23 41“ :: 7 h. 
38 4 : N 2. 7 

Hence the index of the qua- 
drant muſt be ſet 7 4 forward on 
the arch, to correſpond with the 
morning alt. whence the watch 
will be found 4, 46" too faſt, _ 

2 „ eee 
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Here it is ſuppoſed that the ſhip i is ng by, or makes 1 no way. 
through the water; but if ſhe is failing to or from the ſun, proper 
allowance muſt be made for her run, during the elapſed time; but 
the following meds of moons the £ time will anſwer every uo 
at ſea. 


'To fd ;4 Apparent Time by the Sun's 2 


Find the ſhip? s latitude and longitude by account, at the time of 
obſervation, by carrying the reckoning forward to that time. 


With a quadrant well adjuſted, take the altitude of the ſun's lower 


limb. 

Take the difference between the ſemidiameter and dip of the hori- 
2on, and add it to the obſerved altitude, the ſum will be the ſun's 
apparent altitude. 

Take the difference betwoon the ſun's tn din and parallax in 

altitude, and ſubtract it from the apparent altitude; the remainder 
will be the true altitude of the ſun's centre; hence the true zenith 
diſtance. 
Turn the ſhipꝰ s longitude into time, and either add to or ſubtract 
from the time per watch, according as it is eaſt or weſt ; the ſum, or 
difterence, will be the reduced or Tuppoſed time at the place of ob- 
_ ſervation, 

Take the ſun's . out of the Nautical Almanac, and 
proportion it to the reduced time: with the lan“ s true declination 
find the polar diſtance: then, | Eb 

Add together, The zenith diſtance, 

The co- latitude, and 
Polar diſtance into one ſum. 


From half this ſum ſubtra& the zenith diſtance, noting the half 


ſum and remainder, then add together 

The log. co-ſecant of the comp. of the latitude, rejecting Their 

The log. co-fecant of the polar diſtance, _ a | Indexes. 

The log. ſine of the half ſum, and | 

The log. fine of difference into one ſum. 

Take the log. fine of half the ſum of the four logarithms, which 
being doubled and brought into time as before, will give the times 
from the midnight before the altitude was taken. 

Half the ſum of theſe four logarithms will give the log. co-line of 
half the hour angle; which being doubled and turned into time, by 
allowing 15 degrees for every hour, &c. or more briefly by the 
Table, will give the true time, if the altitude was taken in the after- 
noon ; but if in the forenoon its complement to 24 hours wil be the 
true time, reckoned from the preceding, or noon before. Or, __ 
perhaps will be found more eaſy to the learner :; 

NorTE, The refraction is found in Table XII. of this book. 

The dip of the horizon, Table XIII. in ditto. 


The. 


mr 


S 


„ 


N 
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The fur” s parallax in alt. Table XIV. in ditto, 

The ſun's decl. in page 2d of the month, and - | 

The ſun's ſemidiameter in Page 34 N the month in che 
N ta e | g 


2 
n 


t 


EXAMPLE I. 


Suppoſe on the 7th of May, 17965 at 5 h. 1 25. P. M. or 

afternoon per watch, in latitude 39? 54% N. and long: 8 30 weſt of 

Greenwich, by account, the altitude of the ſun's lower limb ſhould 
be found to be 15? 45) the eye being 18 feet above the ſurface of the 
ſea, and the true 3 time when the obſervation was made was 
required? 


- 


Obſ. alt. S.'s L. LI. 15 45 oo” Lat. 39254'N. 
; . | i ; FE - : : . 90 g , , * 0 
Dip 4' 3' ſemi. 15 53” diff. II 50 
= — — Co-lat, 50 6 
Ap. alt. S.'s L. L. A8 8 
Refra. 3 "7 par. 8 diff. 4 <- - SU Jecl, May 7, per N. A. 175 5 24" 
— V. dec. p. tab. for lon. 35 30 W. add 1 42 
| Sun's true alt. . 185 53 41 Ditto for 5 h. 30 from noon 2 
| | 5 mY 
| 1 —— rue decl. cor. for lon. and time 17 10 58 
Zenith diſt. "95 74 6 19 | - 90 
| Polar diſt. 72 49 2 
OE 50 6 co Co-ſecant 9.1288 
Polar diſt. 8.0 04 Co-ſecant | 0.01913 
S 5 2)197 OI 21 | 
4 Sum . 5 98 30 40 Log. ſine 9.99518 
Zenith diſt. ſub. „„ 
Remainder 234 24 21 Log. fine | 9.61616 
Sum of 4. log. „ 1 | | 19. 74628 : 
4 Sum log. co . 8 angle FE 5 9.87314 
Hour angle | | 35 | =* N45. 
Time at ip per wateh | 7 83 23 28 in time = 5 30 325 
Watch flow CL 5 | | 3 9. 


Norte. The co-ſecant of any arch, [rejeSling index) is equal to 


the arithmetical co- ſine of that angle, 
By turning the longitude welt into time, and adding to the time 


at the ſhip, gives the reduced time 7 h. 52 m. and the difference of 


declination between the 7th and 8th of May 16 10% then by the 
Rule of Three, as 24: 16 10“ :: 7h. 52 m.: [4 7 4: - which being 
added, the declination May 7 = 17 5 24“, gives 17 10 41% hence 


the polar diſtance is 72? 49 19 and N With which will give 
the true time 5h. 33 m. 32 5. | 


EXAMPLE 
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EXAMPLE . 


Spe that! in the forenoon or A. M. on the gth of Oct. 1796, 


in latitude 51 30 N. and longitude 52 E. the altitude of the ſun's 
lower limb ſhould he found as under, the eye being 18 feet above the 
pare tige of the gay was required] ? 


| Times, Altitudes. Lat. 51 . 


H. M. 12 26 Co. lat. 38 30 
1 
20 19 13 20 8. A decl Oct. 10, per Naut. Alm. 5% 1' 32” 


p —— 
—— 


20 30 14 51 Var. per tab. for lon. 52 E. .. 3 15 


—— r —_—_—_ : 


12)6x 3 40 39 Ditto for 3h. 390 m. T. from N. ſub. 3 26 


. Mea. 20 21 13 33 5 8 41 : 
. 8. Am. 26 5"diff 125 diff. 11 5 4 Decl, at thip | 6 54 518 
4 App. 5 1 ” Polar diſtance 96 54 51 
. Refr, - 351 —par. 9 diff. 3 42 | „ 
. bvun's true alt. | OR -- 
7 Zenith diſte. 6 19 5 
Loft. 38 30 0 Co-ſec. 0,20585 
\ Polar dit. 96 54 51 Co-fec.. ©0,00317 
1 ES 211 43 56 
. 2 Sum 15 105 51 58 Log. ſine 998313 
Eenith diſt. 76 10 5 
. Remainder _ 29 32 53 Log. fine 8 
5 Sum . 2)19,88513 
| | 2 Sum = _ fine of 61®10' 342 the H. angle = 994250 
2 
Hour angle = 122 21 8=$h. gm. 258. = time from laſt midnight | 
Time per watch > 
Watch too faſt "Ts 35 


| As the time is before noon, the tine of half the ſum of the has 
C taken and doubled, which gives the hour angle reckoned from the 


laſt 


40 


0 K 


t 


_—_— 


| EE 4 5 | ; 
laſt midnight; for there ſeems to be no neceflity for taking the co- 


fine of half the four logs, unleſs the obſervation be made in the af- 


ternoon; and the learner perhaps will be leſs liable to make miſ- 
takes. re 8 8 | 3 _ | 
The declination may be found thus: = 


The time per watch is 20 h. 21 m. from laſt noon, the long. in 


- 


"ad 
. 
. 


time is 3 h. 28 m. which ſubtracted from 20 h. 21 m. leaves the ap- 


parent time 16 h. 53 m. the daily difference of declination is 22 4 
Now as 24: 22 44" :* 16 53: 15 590% which being added to the 
ſun's declination OR. the gth, =6? 38 48" gives 6 hours 54 minutes 
47 ſeconds, the true declination at the time and place of obſervation, 
whence the polar diſtance is 96? 54 47. | 

Here again it may be proper to obſerve, that as the day in the 
Nautical' Almanae begins 12 hours later than the civil-day, and 24 
hours later than the ſea-day, 20 h. 21 m. makes 8 h. 21 m. or 21 m. 
after 8 in the morning of Oct. 10th of the civil-day, and 8 h. 21 m. 


A. M. Oct. Ioth, according to the fea account of time, therefore the 


end of the ſea-day, the noon of the civil-day, and the beginning of 


the day in the Nautical Almanac are all at the ſame time. 


To find the Apparent Time by the Altitude of a fixed Star, 


Correct the obſerved altitude for the dip and refraction. _ 
Find the ſhip's latitude by account at the time of obſervation, 
Find the ſtar's right aſcenſion and declination in Table XX. 
Then add together LOS 5 | 
_ Zenith diſtance, 
Co-latitude, and 
Polar diſtance into one fum. 


ot 


From half this ſum ſubtra& the zenith diſtance, noting the half 


ſum and remainder. 

Then add together i | ; KR 
Log. co-ſec. of complement of the lat. rejecting their 
Log. co- ſec. of polar diſtance, _ 5 indexes. 

' Log. fine half tne ſum, and the 

Log. fine remainder into one ſum, - 

Halt the ſum of theſe four logarithms will be the log. co- ſine of 
half hour angle. 9 5 1 

urn this hour angle into time, and apply it to the ſtar's right aſ- 
cenſion, by ſubtracting it when the ſtar is eaſt of the meridian, or 
adding it when it is weſt of the meridian, their ſum or difference will 
be the right aſcenſion of the meridian or mid-heaven. 

From the right aſcenſion of the meridian (increaſed by 24 if ne- 
cellary) ſubtract the ſun's right aſcenſion the preceding noon at 
Greenwich, taken from page 2d of the month in the Nautical Alma- 
nac, the remainder will be the apparent time at ſhip nearly. 
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To this time apply the long. of the ſhip from 1 turned 
- Into time, by adding it when it is weſt, or ſubtracting it when it is 


_ eaſt, the ſum or difference will be the apparent time of the obſerva- s 
tion nearly by the meridian of Greenwich. 
- Then ſay, as 24 hours is to the daily variation of the ſun's right n 
aſcenſion, ſo is this time to a number of minutes and ſeconds, which 
thips from the-above time, add the correct Ns on time at 8 
Ip. 5 ' a | 


EXAMPLE I. I 
Suppoſe on Sept. 7th, 1796, in lat. 7 45 ſouth, and long. 30? 18 


* NN 3 * r OY W let'y 2 i Lo nas; Eh ee LS 2 r 

PPP re copy v2 grotto Ca © 2142S! = > 2 —-—-— — —̃— — * = 
< „ 22:22 „„ 2 5 — 3 — — — * 0 * * * 7 

2 —— — — " — 1 iN — _ EF «MP AM din 's a A Fr 5 5 * * * _ a * 4 q N l 
a - ANG * „ * , 2 A R OY Lol ad . 7 l 9 8 * 
» b * 5 * 4 « 1 2 |, p * 3 RN 

ks 1 2 = * 1 BS" X% 

« 2 a 6 X 


eaſt of Greenwich, the altitude of the {tar Procyon, being then eaſt * 
of the meridian, ſhould be 28 16, and the eye 18 feet above the le 
ſurface of the ſea. Required the true time? | J. 
Star's obſ. alt., 28% o Lat. by account 745 oo 
Refrac. 147 . . 90 | 
| JJ 9 
* | — — Coat. 532 15 
5 Star's true altitude 28 10 10 — ob 
= - Ds os) Star's declination 5 44 58 24 
# 1 „VV 90 th 
'Þ Zen. diſt. 61 49 50 — — — 0 
'Þ Polar diſtance 95 44 58 Polar diſtance 95 44 58 Re 
| Co- latitude 82 15 © Log. co-ſec. 0,00219 | Dj 
4 f | A — Th co-ſec. 900390 5 
. Sum 239 49 48 | Ste 
„ If ſum 119 54 54 Log. ſine | 8 
* Zen. diſtance 8 45 50 „ - | | Ze 
4 Remainder -” 5 4 Log. fine 9592881 _ Pol 
1 — e eee, | Co, 
? | 2» Sues 2198/7257 
[ | EC” Eg: —— Sun 
l _ Half-hour angle 30 15 Half ſum 9,9 3643 
i * 5 2 — — | Hal 
| — . 4 - Zen 
[ Hour angle 60 30 = 42 3; 
| Star's right aſcenſion - on al 1 Ren 
1 . Right aſcenſion of merician 3 26 39 
8 Increaſed . | | „„ 
13 | 5 — — Half 
1 | „5 27 26 39 
| Sun's right aſcenſion at noon 11 637 2 
— — ou 
Ilie at ſhip nearly | x66 20 43 | 
s 5 . Time 


ime 


* 


ux TIME AT SEA. 231 


Time at ſhip nearly 16 0 

Ship's lon. 30? 18' eaft in time 2 1 12 

| 5 „„ — NY 
Time at Greenwich nearly 14.18 50 . 


- | | L 


Sun's right aſcenſion, Sept. 7 11 6 37 
Ditto 8 11 10 IJ : 
Daily difference . Eg 


Then fay, as 24 H.: 3 M. 36S. :: 14 H. 18 M. 50 S.: 2 M. 98. 
which ſubtracted from 16 H. 20 M. 2 8. the time at ſhip nearly, 
leaves 16 H. 17 M. 53 S. the true time at ſhip after noon, or 4 H. | 


17 M. 53 S. after midnight, 


EXAMPLE II. 


| Suppoſe on April 14, 1796, in lat. 48e 56' N. long. 66 W. tbe 
obſ. alt. of Aldebaran, when weſt of the meridian, ſhould be 222 
24 2, the height of the obſerver's eye 21 feet above the ſurface of 


the ſea. Required the true apparent time at ſhip ? 


Obſ. Alt. Star. Ald, 22%24 30“ Lat. by acc. 480 56 N. 8 


Refrac. 2 18" | 90 
Dip 4 = 6 40 ————— 
—— Co. lat. 44 1 
Star's true alt. 22 9 DwDWWW» | ©, = arm————_— 
90 Stat s del. 
E _ 7 „ 
Zen. diſt. 6% oo eu © O—_— 
VVV | > ”⁶¹irr 7260 
Polar diſt, | 73 54 41 Log. co-fec. 0,017 39 
Co. lat, 41 4 0. Log. co-ſec. 0, 18248 
Sum a a2 «© | 
Half Sum 91 20 25 Sine 988 
Zen. diſt. BY 5 | wy 
Remainder 23 38 1 5 Sine 9,60309 


Sum 2)19,80281 


| Ul — — kz; were —————_ 


Half. hour angle 370 Co-ſine. Half ſum 990140 


2 
8 — FF 
Hour angle 74 20 = in time 4 57 20 | 755 | 
Gg Hour 


\ 

* Nen n — 

— 2 TL 2 — 2 
* 7 7 AP 


horizon be obtained in the night; but as that is not always we caſe, 
it is beſt to regulate the watch by the ſun. | 


ſouth, their difference is the Peridind altitude. 


| The fourJaſt examples may be worked by the above method. 


NEW METHOD OF FINDING 


| 2 H. M. 8. 

Hour angle 74 20 = in time 4 57 20 

Sar ve dne 4 24 14 

Right aſcenſol of meridian = 9 21 34 
Sun's right aſcenſion #23 20 

App. time at ſhip | ; 7 43 4 

Lang, 66 W. in time 424 » 
App. time at Greenwich 12 2 5 


— © 


Sun's right aſcenſion, April 1999 
Ditto 15 1 37 1 


— — 


Daily difference — 3 4 

Then ſay, as 24 H.: 3 M. 41 8. :: 7 12 M. 48. 1 M. 52.9; 
which ſubtracted from 7 H. 48 M. 4 8. the apparent time at this 
nearly, leaves 7 H. 46 M. 12 S. the correct app. time at ſhip. 


Nor. This method of finding the time is certain, could a gond 


| rather Method of fading the Ro—_ Time, 
0 R . 


When the ſun or tar” 8 en and ee n of lat. are both 
north or both fouth, their ſum®*, but if one be north, and the other 


From the natural fine of the ſun or Rar” s Mer. alt. ſubtract the 
natural ſine of the true altitude. 
Ihen add together 
The log. co-ſec. of the comp. of 155 61. 8 1 their 
The log. co- ſec. of the fun or ſtar's decl. and ] indexes. 
The log. of the diff. of the natural ſines, into one ſum, 


The ſum of theſe three logarithms, beiny found in the eden of 


riſing, the hours, minutes, and ſeconds correſponding to it, will be 


the true time from the noon when the altitude was taken. 


* if the fac exceeds 90” ſubtract it from 180, and the remainder Kill be the meridi | I 


Attitude. See ts two laſt * of the 1 | 


EXAMPL» 


; run TIME AT SEA e 


EXAMPLE L 


 O,rI;rTr 


Co-latitude 509 6N, © Log. co- det if 
Declination 17 11 Log. ſecant 5, 01983 
| Meridian alt. 67 17 N. ſine - _— 
True alt. — 54 N. fine 2 
Diff. of nat. ſines 5 84857 Its 5 log 4.81 189 
In col. of riſing gives true time 5 h. 33 30 
differing 2" from the formes method 494682 
EXAM p L E II. 
ä . Co-ladlidghe 389 % ſecant o, 20585 
8. Declination 6 55 8. Log. ſecant 0, 0317 
hip ” An =; = : 
Meridian R. a ay ſine $2374 
5 True Se,” "13 $0. N. line 23056 
0 | ; 
ale, | Diff. of nat ſines 1 | 1 28718 Its gh. #45815 1 
In col. of riſing gives true time zh. 50˙ zo" 466717 


kene we find the time found by this method differs 2 Seca from 

that found by the former, but it may be found to the neareſt ſecond 

by taking proportional parts. | 

Thus the difference between the log. of 3h. 50 30 and 3 h. 51 

both is 172, and the difference between the log. of 3 h. 50 30“ and that 
other in the calculation i is 15. 

| Now as 172 : 300% : 15: 2", which being added to 3h. 05 

"be 3 h. 500 320 R 


E11 SL x an 


| Co-latitude 829 1 y¾¹d» Co-ſecant 0,00398 
Declination 5 45  Secant 0,00219 

k Meridian alt. 76 30 N. ſine 972 7 

True alt, 28 10 N. ſine —_ 
8 Diff. of nat. ſines ; $0033. [ts log. 4.69926 


| In Col. of riſing gives 4h. zm. | 4370543 
| * C23: > | ___ EXAMPLE 
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8 5 5 | | | . f 
EXAMPLE Iv. 
; ! af 9 5 - 


Co. cc. ; 
Declination 16 5 19 decant N 


; F4 : St noe OE GS 
F . 5 


3 PF A ee OE I - 


— — — 
1 —— aoarmomgn —ñ —a—ö PIO rogge 
N — ec =, 5 . 
, * N N on ** — bin + 
1 po ＋ 
. Y « ; 1 % 
d 


Mer. alt. 57 9 19 N. ſine 
True alt. 22 1 50 N. fine 37933 


Difference 3 — 46081 Its log. 4,66346 
In col. of riſing gives 4 H. 55 M. 208. - 4,86329 | 
Having found the hour angle, proceed to find the true time by the 
ſtars, as has been ſhewn in the two laſt examples, worked by the 
former method, 1 1 | 


 Hlaw to know the Stars, 


It ſometimes happens that for want of a map of the ſtars, or a 
_ celeſtial globe, many are at a loſs to know whether they have obſerved 
| buy the right ſtar or not, as there may ſome other ſtars come to the 
4 | meridian nearly at the ſame time. But this may be eaſily proved, 
by finding the ſtar's meridian altitude as above; and if it nearly 
agrees with that on the quadrant, it muſt certainly be the right ſtar, 
otherwiſe not. The ſame may be obſerved of any of the planets. 
To know when any ſtar comes to the meridian, or what ftar will 
be oa the meridian at any given time, ſee the explanation following | 
Table XX. and for their rifing and ſetting, with that of the moon 1 
and planets, ſee the „„ Table XXII. in this book. t 
Nor 1. If an obſervation of the ſun has not been taken the pre- 
ceding noon, or two altitudes to find the latitude, it may be aſcer- 
tained by taking the meridian altitude of the ſtar, either before or 
after the obſervation is made for finding the time, 
Nore 2. If the ſhip's longitude eaſt of Greenwich in time be 
greater than the apparent time at the ſhip, the apparent time muſt 
be increaſed by 24 hours before the ſubtracting the longitude z and in 
this caſe, the ſun's right aſcenſion muſt be taken out of the Epte- 
meris for the preceding day of the month. And if the ſhip's lon- 
gitude welt of Greenwich in time, added to the apparent time at 
the place of the ſhip, makes more than 24 hours, 24 muſt be ſub- 
tracted from the ſum, to obtain the apparent time at Greenwich; 
and the ſun's right aſcenſion myſt be taken out of the Ephemer!s 
for the ſubſequent day of the month. The object, whether {un 
or ſtar, whoſe altitude is taken for finding the time, muſt be at leaſt 
three or four points of the compaſs diſtant from the meridian ; be- 
cauſe, when ncar to the meridian, the alteration in altitude js too 
flow tor aſcertaining the time with proper exactneſs: but the nearct 15 
the object is to the eaſt or welt the better, provided it be not less 


than 


£Þ C0 1e 


index is put back on the extra arch 305 the difference is 4, then 2 
bz the index error, which mutt be ſubtracted from all altitudes or 


** 
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than 6? high ; for the refraction is ſo variable and irregular near to 
the horizon, that the effect of rarefaction upon objects cannot be de- 


termined with ſufficient accuracy, when their altitudes are leſs than 


6 degrees. : Ws. 
: I 2 * = 


The Method of finding the LonciTUDE af SEA. 


H E ſurpriſing improvements made in navigation within the 


laſt thirty years, is beyond the moſt ſanguine expectation; 


and though ſeveral nations have contributed towards this important 


end, the Engliſh have (by the encouragement given by parliament, 
and the great improvements made in nautical inftruments and cal- 


culations) outdone them all, ſo that, by help of the improved Sex- 


tant, the Nautical Almanac, and the Requiſite Tables, contained in 
this book, a ſkilful and expert obſerver can determine the longitude 


to a degree of certainty, that people unacquainted with the opera- 
tion would ſcarcely think poſſible. | . 25 | 
What is here meant by a ſkilful and expert obſerver, is, an artiſt 
who can in an inſtant bring the two limbs of the objects whoſe an- 
gular diftance is to be meaſured into contact, in the centre of the in- 


verted teleſcope, and that can rectify any little defects, or errors 
that the inſtrument is liable to on account of its being handled or 
moved about, &c. To do which the following inſtructions may be 
found uſeful to the young artiſt. | 


iſt. The inſtrument mult be adjuſted thus: bring O on the no- 


nius to coincide with O on the arch, then ſee if the index glaſs - 
ſtands perpendicular to the plane of the inſtrument, if it does not 


alter it by means of the ſcrews for that p'rpole : after which, the 
reflected image of the ſun muſt be brought directly over the true 


image, fo that but one image appears; this being done, which is by 


no means difficult, the inſtrument is properly adjuſted, as the little 
pecuium will ſtand parallel to the great one. 
But to prove the inſtrument after this adjuſtment, and to find if 


there is any index error, move the index forward on the arch, and 
bring the true and reflected images of the ſun's limbs into contact, 


and note what his diameter n ures. Again, move the index back- 
ward on the part of the arch beam 
and true images of their limbs into contact as before, and note what 
his diameter meaſures ; half the difference between the two diame- 
ters is the index error, which muſt be ſubtracted when the diameter 
meaſures more on the arch than on the extra arch, otherwiſe it muſt 
be added. | Wow 1 8 

Suppoſe, for example, the ſun's diameter meaſures when the 
index is advanced on the arch 34% and at the ſame time when the 
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angular diſtance taken, e the ſun's diameter meaſured more 
on the arch before O than behind it. 


After the index error is found, yet before the infirument i is fit to 


take the angular diſtance between any objects, there is another ad- 


juſtment requiſite, which is, to ſet the axis of the teleſcope parallel 
to the plane of the inſtrument. _ 
The method of doing this is, making obſervations of angles as 


much above 9go® as poſſible, uſing the inverted teleſcope; in doing 
of which the wires in the focus of the eye-glafs muſt be firſt placed 
parallel to the plane of the ſextant, after which bring the ſun and 


moon into very nice contact, on the centre of the wire neareſt the 


ſextant, taking care that the index is not the leaſt moved, then direct 
tze teleſcope in an inſtant fo that the images may appear in tne centre 


of the outer wire which is fartheſt from the ſextant, and if the con- 


tact appear the fame at this wire, the axis of the'teleſcope is parallel 


to the plane of the ſextant ; on the contrary, if the limbs of the ob- 


jects appear to ſeparate at the wire which is fartheſt from the ſextant, | 


it is plain the object end of the teleſcope is too far from the plane of 


the ſextant, and muſt be corrected by turning one of the two ſcrews 


of the ring into which the teleſcope is ſcrewed and fixed, having 


WE previoully) unturned the other ſcrew. 


If the limbs of the images over-top each other at t the aforeſaid 


wire, it ſhews that the object- end of the teleſcope is too near the. 


plane of the inſtrument, and conſequently muſt be brought parallel, 
by means of the ſcrews, and this method muſt be purſued until the 
diſtance of objects are found perfectly the ſame at each wire, which 
ftands equi-diftant from the centre of the teleſcope and parallel to 
each other, in which caſe the axis of the teleſcope will be exactly 
parallel to the plane of the ſextant, and then you may proceed to mea- 
fure the angles for the obſervations, obſerving to. bring the limbs of 


the objects in exact contact, in the centre between the two wires 


. 


To take the a requiſite for determining the Longitude, 


Firſt, find the apparent time at the place of obſervation, by taking 
one or more altitudes of the ſun, and noting the times by a good 


watch, from each obſer ved altitude, or, from the mean of ſeveral 
altitudes compute the time; the difference between this time and 
that by the watch, will ſhew how much the watch is too faſt or too 
flow, for in all caſes the mean of ſeveral obſervations is moſt ta be 


depended on, and the beſt time for making theſe obſervations of the 
ſun's altitude 1 is, when it changes quickeſt, or when he bears nearly 


eaſt or welt. 


In obſerving the diſtance between the objects, three obſervers 


muſt be in readineſs with their ſextants or quadrants, well adjuſted, 


: 25 * directed; an the watch either ſulpeacen near one of the 


obſervers, 
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the times. The obſerver who takes the angular diſtance giving 
previous notice to the others to be ready with the altitudes by the 
obſervations taken, which muſt be done within the ſpace of 15 
ſingle obſervation. In taking the altitude of the moon, the limb 


brought to the horizon ; if there are not a ſufficient number of 
obſervers, then take the altitudes, the deficiency may be ſupplied by 


doing it will be ſhewn hereafter. 


To meaſure the Diſtance between the Sun and Moon. 


f Turn down one of the ſcrews, and hold the quadrant or ſextant, 
$ fo that its plane ſhall paſs through the ſun and moon ; look at the 
2 moon through the tranſparent part of the horizon glaſs; and keep- 
: ing her there, move the index gently until the ſun's image is 
d brought into the ſilvered part of the horizon glaſs; bring the neareſt 
Ee. limbs of both objects into contact; move the arch of the inſtru- 
], ment gently up. and down, and the ſun will appear to rife and fall by 
de the ſide of the moon. Move the index until their limbs exactly 
ch touch each other, when this is done the obſervation is made, and 
to the index will ſhew the angular diſtance, which is beſt read off by a 


ly magnifying glaſs. E: 


To take the Diſtance between the Moon and a Star. 


Direct the plane of the inſtrument through both objects, look at 
the itar through the bright part of the horizon glaſs; keep it there, 
and bring the moon's image into the ſilvered part of the fame glals; 


move the index gently, until the enlightened limb of the moon juſt 
touches the centre of the ſtar, keep the ſtar in fight, and move the 
arch of the inſtrument gently up and down, and the moon will ap- 
pear to paſs over the ſtar, and then the obſervation is completed. 


geareſt or fartheſt from the ſtar; muſt be brought into contact with 
it. When the object to be ſeen by reflection is to the right hand 
of that ſeen directly, the inſtrument is held with its face upward ; 
zdut when the object to be ſeen by reflection is to the left hand of 

that ſeen directly, the inſtrument is held with its face downward. . 
A readineſs in the uſe of the quadrant and ſextant is beſt gained 
by practice, which the learner may render familiar to himſelf by 
| | OS, | . ovlerying 


obſervers, or put into the hands of a fourth perſon appointed to note 
time he has finiſhed his obſervation, which being done, the time, 
altitudes and diſtance ſhould be carefully noted; and other ſets of 
minutes, and then take the means, which will be preferable to any 


that is the beſt defined, whether it be the upper or lower, muſt be 


computing the altitudes after the diſtance is taken; the method of 


. The round or well defined limb of the moon, whether it be tne 


Ya , * dt 
2 J R 
bole” ce bus "\ a 
— 8 ERC - 9 
—— —ͤ—ͤ— — — — nd 
* 
„ ” 


7 8 — 


— ——— 7 
- — "hath \ 
2 * - p 
> : 
TR 
. BY 
—— % 


th 


0 
: 
1 
3 
| 


N METHOD ge FINDING 


A 

it 

* 
711 

=, 
1158 
BY = 
j 
* 

+ 
1 
1 
2 


* 
= 'Y 
5 

4 


diſtance. 


ſerved: by ſetting his index to the diſtancè computed roughly at the 


air be clear, in a line, perpendicular to that j Joining the moon's horns 


obſerving the angular. diſtance of object on land, or by candles | 


placed in various poſitions in a room. 


Remark 1ft. The taking the angular PS ARR may oh rendered 


more eaſy and accurate, by bringing the objects nearly into contact 


in the common way, and then fixing the index tight to a certain 
degree and minute, and then waiting until the objects are nearly 


in contact; giving notice to the aſſiſtants to get ready with the al- 
titudes, and when the objects are exactly in contact to call for the 


altitudes, and exact time by the watch. The obſerver may then 
prepare for taking another diſtance, by ſetting his index three or 
four minutes forwards or backwards according as the objects are ap- 
proaching to, or receding from each other, and then proceed to take 
the diſtance, the altitudes and time by the watch as before. Thus 


may as many diſtances and altitudes be taken as the obſervers 


think proper, and then take the means to determine his e 


This mode of n the „ will not only eaſe the eye of 
the obſerver, but alſo enable him to manage his inſtrument with 
greater facility iu every direction. If the obſervation be made, as it 
ought to be, at the diſtance of two hours beiore or after noon, 
the true time may be found by the altitude of the ſun, taken at 
the preciſe time of taking the diftance ; thus will any irregularity in 


the going of the watch be prevented from affecting the reſult of the 


obſervations. , 

If a night obſervation is to be taken, the watch ſhould be regu- 
lated by the altitude of the ſun the evening before, and its going 
compared with another taken the next morning; for the time found F 
by the altitude of a ſtar cannot ſo well be depended on, as the at- 
moſphere in the night is precarious, though it may be ſufficiently 
correct for finding the refaction uſed in determining the angular 


Remark 2d. | The obſerver muſt take the moon's diſtance from 
thoſe {tars only, whoſe diſtance from her are ſet down in the Nauti- 
cal Almanac, and the diſtances there ſet down afford him a ready 
means of knowing the ſtar from which her diſtance ought to be ob- 


b re time, eſtimated nearly for the meridian of Greenwich, and 
then look to the eaſt or weſt of the moon, according as the diſtance 
of the {tar is ſet down in the 8th, gth, ioth, or x1th pages of the 
month in the Nautical Almanac, Ard having found the moon on the 
horizon-glaſs he will, by ſweeping with the quadrant or ſextant, to 
the right, or left, Cad the ſtar he wants, it above the horizon, and the 


or her ſhorteſt axis produced. a 6 
The time at Greenwich is eſtimated roughly by Shak the 


Tp 8 ſuppoſe longitude from Greenwich into mes and adding 
1 „ 


noon or midnight, if it is increafing, but if decreaſing, ſubtracted 
from it; this ſum, or difference, will be the moon” J horizontal pam | 
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jt TY or r ſubtraQing i it from the apparent time at the ſhip, according ; 


as the Jongitude is eaſt or welt, will give the apparent time nearly 
at Greenwich. 

Take the diſtance of the objects out of the Nautical Almanac, 
both before and after this time; 

Then ſay, as 3 houts, or 180 minutes: is to the ditferenee of diſ- 
tance in 3 hours: : ſo is the difference between this nearly eſtimate 
time, and the next preceding time ſet down in the Nautical Almanac: 
to a number of minutes; which being added to the next preceding 
diſtance, if it is encreaſing, or ſubtracting it if it is decreaſing, 
will give the diſtance nearly at the time the obſervation is intended 
to be made, and to which the index of the ſextant or quadrant muſt 
be e, 

Care muſt be taken not to ban the days in the Nautical al- 
manac with the civil days, as the civil day begins 12 hours before it, 


nor wien the ſea day which begins 24 hours before it. 


To reduce the -ohferved Di Hanse of the Moon from the Fg: or a « Story 
to the true N N 

The neceſſary preparations: - 
URN the longitude into time, and add it to the apparent time 
at the ſhip, if it be weſt, but ſubtract it if it be eaſt ; the ſum, 


cr difference, will be the ſuppoſed time at Greenwich, which call re- 


cuced time. 
In page 7th of the month in the Nautical Almanac, find the neareſt 
noon or midnight, both before and after the reduced time. 


Take out the moon's ſemidiameters and horizontal parallaxes cor- 


reſponding with this noon and midnight, add find their differences. 
Then ſay, as 12 hours: is to the difference of the moon's hori- 

zontal parallax in 12 hours :: ſo is the reduced time to a fourth 

number, which being added to the moon's horizontal parallax for 


rallax at the reduced time. 

And, as 12 hours : is to the difference of the moon's hal 
in 12 hours :: ſo is the reduced time to a number of ſeconds, which 
being added to, or ſubtracted from the moon's ſemidiameter the noon 
or midnight before the reduced Rowe will give the moon's ſemidia- 
meter at the reduced time. 

To which add the augmentation of her ſemidiameter according 
to her altitude, and the ſum will be the moon's true apparent ſemi- 
dameter. When the reduced. time is any even part of 12 hours, 
as, 3, 3, 2, or 4, &c. ſuch parts of the difference of the ſemidiameter 
my horizontal * * be taken and added to, or ſubtracted as 

| H or | - above, 
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above, without being at the trouble of working by the Rule of 


Three. 


To the obſerved ES of the ſun's lower limb, add the difference 


between his ſemidiameter and the dip of the horizon, the ſum will 


be his apparent altitude. 
From the ſun's refraction, take his parallax i in altitude, the remain- 


der will be the correction of the ſun's altitude. 


From the ſtar's obſerved altitude take the dip of the horizon, and 


the remainner will be its apparent altitude. 


The refraction is the correction of the far 8 OA | 

Take the difference between the moon's ſemidiameter and the dip, 
and add it to the obſerved altitude, if her lower limb was taken, or 
ſubtra& their ſum, if her upper limb was taken, the ſum, or differ- 
ENCE will be the moon's apparent altitude. | 2 

From the proportional logarithm of the moon's horizontal parallax 
found in the Nautical Almanac, (increaſing its index by 10) take the 
logarithm co- ſine of the moon's apparent altitude, the remainder will 
be the proportional logarithm of her parallax, in altitude. From 


which, take her refraction, and the remainder will be the correction 


of the moon's altitude. 
To the obſerved diſtance of the moon from a ſtar, add the moon's. 


ſemi-diameter, if her neareſt limb was taken, but ſubtract it if her 
fartheſt limb was taken, the ſum, or difference, will be the apparent 
diftance, But, - | 

To the obſerved diſtance of the ſun and the moon's neareſt limbs 
add both their ſemidiameters, and the ſum will be the i dif. 


tance of > centres. 


Wie. There are 12 pages in each month in x the Nautical Al. 
manac. 


The ſun's declination is found i in page | | II. 


The ſun's ſemidiameter in III. 
The moon's ſemidiam. and horizontal l VII. 


Tue diſtance of the moon from te a. &c. VIII. IX. x. XI. 


The Tables! in this Book. | 
Table. 


The effect of parallax on the moon's diſtance X. 


To turn time into degrees, and the contrary XI. 


Refraction of the heavenly bodies LL + 
Dip of the horizon OP „ 
The ſun's parallax i in altitude | NI Es 


The augmentation of the moon's ſemidiameter - XV. 
To correct the fun” - decl. under any meridian XVII. 
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Having the apparent Altitude of the Ohjelks, abt their apparent | 


Diſtance, io find their : true Diſtance. 


ſt. Add together 
1 Sp proportional logarithm of the correction of the ſun or ſtar's O 
altitude, | | 
The log. co-ſine of the ſun or ſtar's apparent altitude, 


The log. ſine of the apparent diſtance, 


The log. co-ſecant of the moon's apparent altitude, | 
Their ſum (rejecting 30 in the index) will be wy proportional loga- 
rithm of the firſt arch: 5 
2dly. Add together | 
The proportional log. of the correction of the ſun or tar's altitude, 
The log. co-tangent of the ſun or ſtar's apparent altitude, 
The log. tangent of the apparent diſtance, 


Their ſum (rejecting 20 in the index) will be the proportional loga- 


rithm of the ſecond arch: 


Take the difference between the firſt 4 Had arches, and add it 


to the apparent diſt. if leſs than o, and the firſt arch be greater” 
than the ſecond, but if it be leſs, ſubtract it; 

But, if the diſt. be more than 999, the ſum of the arches added to the 
apparent diſt, will give the diſt. corrected for the refraction of ſun 
or ſtar. | 

3dly. Add together 

The proportional logarithm of the correction of the moon's ; altitude, 

The log. co-fine of the moon's apparent altitude, 

The log. fine of the diſtance corrected for the ſun or ſtar's refraction, 


The log. co-ſecant of the ſun or ſtar's apparent altitude 


Their ſum (rejecting 30 in the index) will be the e loga- 
rithm of the third arch. | | | 


4thly. Add together 1 
The proportional log. of the correction of the moon's apa. atirude, a 
The log. tangent of the diſt. corrected for the ſun or ſtar's refra 
Their ſum (rejecting 20 in the index) will be the e 
rithm of the fourth arch. | 
Take the difference. between the third and fourth arches” and ſub- = 
tract it from the diſtance corrected for the ſun or ſtar's refraction, 
if leſs than go, and the third arch be greater than the fourth ; 
or, add it to the diſtance corrected, if the fourth arch be greater 
than the third; but, if.the diſtance be more than go, the ſum of 
both arches maſt be ſubtracted from it; and the ſum or difference 
will be the diſtance corrected for the ſun or ſtar's refraction, and 
the principal effect of the moon's parallax. 
In Table X. look for this laſt corrected diſtance in the top co- 


Limn, and the correction of the moon's altitude in the left-hand ſide 


column.; take out the number of ſeconds * ſtand under the former 
and oppoſite to the latter, - 5 
AST | Loo 
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tek again in the ſame table for the corrected diſtance in the top 
column, and the principal effect of the moon's parallax in the left- 
| band fide column, and take out the number of ſeconds that ſtand 
under the former and oppoſite the latter. The difference between 
theſe two numbers muſt be added to the corrected diſtance if leſs than 
909, but ſubtracted from it if more than 90 
The ſum, or difference, will be the true diflance. 
Nor. This laſt correction may be omitted without affecting the distance auch. * | 


Having the true Difance and Time, to determine the Longitude: 


N the Nautical Almanac, among the diftances of the objects, look 

I for the computed diſtance between the moon and the other object 
þ obſerved on the given day; if it is found there, the time at Green- 
1 wich will be at the top of the column, but if it falls between two diſ- 
1 tances, as it generally will, take the difference between the diſtances 
17 that ſtand immediately before and after the computed diſtance, and 
alſo the difference between the. Allance ſtanding before it and the 
cComputed diſtance. 
— i Then take the proportional logarithm of the firſt A ende 
oh which is the difference in three hours, and the proportional logarithm 
' 8 of the ſecond difference, which is the difference between the com- 
puted diftance and the diſtance before it. 
MF | The difference between theſe two logarithms will be the propor- 
BI tional logarithm of a number of hours, minutes, and ſeconds, which 

\'Y being added to the time ſtanding over the firſt diſtance in the Nauti- 
. | Cal Almanac, will give the true time at Greenwich. | 
. The difference between Green. time and that at the thip turned 
1.8 into longitude, will be the longitude i in, at the time the obſervations D 
| i | were made, which will be eaſt if the time at the ſhip be greater than Go 
fl that at Greenwich, but if it beleſs, the longitude will be welt. 
3 j Or the proportional part of time may be found by ſaying ; Et 
| | As the firſt difference: is to 3 hours :: fo is the ſecond difference 


nd 2» vw. 2 


1 : to a proportional part of time, which being added as above directed Rej 
10 | will give the true time at Greenwich. 

I] be foregoing rules will be rendered eaſy by ah following ex- 

EL amples, which are only here ſuppoſed, but will anſwer the purpoſe of Cor, 
inſtructing the learner as well as if the altitudes and r had 


been actually taken. 


| i | Nor. In working the following aller, it will ſave Come time, if all the logarith- 
11 mic fines, tangents, ſecants, and proportional logarithms, which fall at the ſame opening 
mW of the book, be taken out at the ſuns time, both in n the firſt and ſecond parts of the ope- 
BY tation. 
; | Thus, the co fine and co-tangent of the ſtar's apparent altitude, and lat of its 
11 latitude may all be taken out at the fame time, and wiitten down in different parts of the 
| paper for in a formula) and fo may the co-fine, co-tangent, and co-ſecant of the moon's 
apparent altitude, the ſine and tangent of the apparent diſtance, and the fine and tangent. 
ot the diſtance corrected, for the re fraction of the ſun or ſtar. 


In order to ſborten the following work, © igniſies the ſun; ] the moon; X 4 
2 P. L. proportional hb EE. e lamb ; Up. . upper limb 3 Hor. P. 
barizontal rates | 5 N. A . Nautical Almanac, 

| EXAMPLE 


„ 


— — — 


E X A M P-LE I. | 
* Suppoſe on Jan. 30, 1796, in long. 119 E. by account, at 10 h. 15 p. M. per watch, 
the diſtance of the moon's fartheſt limb from the ſtar Regulus was 63 50 20', when the 


at. of the moon's lower limb was 24? 18 40”, and the ſtar's 45% 1345 the eye being 18 


feet ene the ſurface of the ſea: required the true pogituds 5 ” 
H. M. 8. | | 
Time ber watch 10 15 oo Y's ſemid. at noon 15 3” "aw par. 55 14% 


Long. 11 in T. o 44 00 Ditto at midnight 14 59 Hor. „ 54 59 


Reduced time 5 90 31 00 Diff. in 12 hours 4 Diff. i in 12 hours 15. 
y's alt, „24 18 40 2912 4 229 3“ and as 12: 18 119 1 1 ' the F. parts 


Sem. 15' 7 to 11 4 Y 's ſem. at N. 15' 3: Hor. par. at noon 46 14: 
Dip 4 3 | 
£ Ditto at red, t. 15 o Dittoatred.times5s 2 p. L. i0, 5146 
App. alt. 24 29 44 Augmentation 7 5s ap. al. 1 25 44 l. coſ. 959590 
* true ſemidiameter EO 15 7 Des par. in alt. Sc 5” 5,5556 
&s obſ. alt. - 4513 15 Y's refraction 2 23 | 
Dip | | $3 
— — Cor. of Js alt. 48 0 
is app. altitude | 45 9 12 Obſeryed diſtance = 63 50 2077 
X's refraction 57“ is 1 its come aon. h I 's ſemidiamet-r . 
| tei ue er Yale 65:25 13 
135 JI To find the Diſtance. | 
Cor. of s alt. 57” Pr. log. 2, 2775 | . . 2,2773 
's app. alt. 4599 o Log. co- f. 9,8483 Co tangs 99977 
App. diſt. 63 35 © Log. fine 9,9521 5 Tang. 10, 3038 
Y's app. alt. 24 30 0 . co- ſec. 10, 3822 — — 
. 1 — — Reje 20, ud Cor 29” P. 2 
Reject 30 iIſt cor. 37 =P, 254601 I.̃ſt Cor. 37 
Diff. Iſt and Nee 8 
| App. diſt. 63 35 13 
Ditance cotrected for s refraction | 5 63 35 21 SE 
Cor. of J's alt. 48 O Pr. log. :0,5940 EG 0,5740 
)'s alt. 24 30 o Log. coſ. 9,9590 Log. Co-tang. 10, 3413 
Corrected diſt. 63 35 © Log. fine 9,9522112 Log. tang. 10,3038 
X's alt, 45 9 © Co-lec, 10,1493 — 
FS —— — RejeQ 20 4th cor. 1052“ P. L. * 
Reject 0 0 cor. 43 46 P.L = 0,6344 34 cor. 47 0 
Principal effect of }'s parallax 30 54 
Corrected diſtance 63 35 2» © 
Cor. Tab. x. en,, 9 — 
Second in ditto gives 1 DiR. cor. b for princ. effect oe 
5 — of refr. and par. 63 4 27 
"= Difference to be added * 
5 Tow diſtance 63 4 32 
By the Ephemeris, 1 dift. af gh. 6249 15” Diſt. at 9 h. 62 49 15 
Jan. 30, 1796, Ditto at 12 64 19 56 — 
—— 2d diff 0 15 2 . 4 1,0510 
1 30 41 iſt diff. 1 30 15 P. L. 5977 


M. M. 8. ö — _, ——_— — 


Time ſtanding over iſt aid. 9:0 © Diff. of T. bet. Sh. and Gr. * 20 P. L. „7745 8 
Dic. of time 30 20 | 


. | 9 9 40 20 Now 44 40' turned into long. gives 1110 oo” 
Time at ſhip. | 0-174 0 and it 15 E. becauſe the tima at ip! 13 more 
than at Greenwich, 


big. of T. betw. Sha and Gr, 44 40 
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E X AM P LE U. 
Suppoſe that on the 3 iſt of May, 1796, a ſhip at ſea in long. 130 eaſt of Greenwich 


by account, at 5 hours 36 minutes in the afternoon by a watch well regulated,” the diſtance 
of the ſun and moon's neareſt limbs ſhould be obſerved to be 68? 10 M. 24 S. at the ſame 


time the altitude of the ſun's lower limb was 319 4$ M. 2, and that of the moon's lower 
limb 23” 48 M. 2, the eye being 18 feet above the ſurface of the ſea, and the ſhip's true 
longitude be required? 


Time per watch 5 36 Des ſemi-diam. at noon 15 49 For. paral. 58 1 | 


Long. 239 E. in T. x 32 Ditto at midnight 15 56 Ditto 58 29 
Reduced time 4 4 Diff. in 12 hours 7 Diff. a” 

©'s obſ. alt. 3148 x5” Now as 22h. : 7 3: 4h. : 2 and as 12h. : 28” 3; : 4h. g 
Se midi. 15 49 1 5 

Dip 4 3 Diff. 11 46 Semidiam. at 7 noon 15 49 For. par. 38 1 

©'s app. alt. 32 © 1 Semidi, at red. time 15 51 Hor. par. at red. T. 5 T. 58 15 10 
Ref. 1 31 — par. 8= Augmentation % e tif, © 68510 24 od 
| CIT 127” CC 

's ſemidiam. TS | 
's ditto 15 49 Sum | 31 47 
ss hor. par. 58 10 P. L. 10,4906 — — 
's app- alt. 24 0 L. coſ. 9,9607 Ap. tft of ON s and Y's centres 68 42 11 

dh s par. in alt. 53 „ 52990 's obl. alt. 23 48 15 
WG 17 Semidi. 15 68 — ei a 2” diff, 11 55 
Cor, I s alt. 3 1 > | Y's app. alt. : 5 24 00 10 
Cor. of O's alt, o 1 23 P. L. 1 33 5 251143 
Cs app. alt 32 © © L. co-ſi. 9,9284 32 © © C. tan. 10, 2042 
App. diſt. 68 42 2 I ſine 9,9692 653 „» 10, 4090 


5˙ s app. t. | 24 0 © L. co· ſec. 10, 390 Reject 20 P. L. ad. ang. 20” 2 247275 


F irſt angle 43 


| Reject 30=1ft ang, 43” Pro. log. 2,4026 - — 


i : 23 
App. diſt, 68242“ 11 


—— —— 


Diſt. mes for principal effect Wont... 68 42 34 


Cor. of Its alt, 51 VE Fob 0,5475 . P. L. 0,475 
V*s app. alt. 24% © O L. co-ſec. 9,9667 24 © 0 C. tang. 10,3514 
Diſt, corr. 68 42 34 IL. fine 9,9692 68 42 34 Tan. 10, 4092 


— ͤꝑwñ—— 
ran. 


©'s app. alt. 32 0 o I. co-ſe. 10,2758 ho 
Reject 20 P. b. ath an. 8,510 | 153081 


Rejet 30 P. L. of 3d an, 37 46 753% 360g. 30 46 
Cor. from tab X. gives 8” | —— 
Cor. from ditto gives 3 Principal effect of para. 22 55 
| —DiR, cor. for princ. eff. of ref, and pa. 68 42 34 
Diff. of corrections 7 ̃ — — 
5 2d. cor. for diſt, 68 19 39 
Correction „ 
By the 8 for May 31 1796. True diſt. 68 19 46 
Firtt diſt. at 3 h. 68957“ 44” Ditto at 3 hour 68 57 44 
Second diſt. at 6 h. * FT 
Dif. i in 3 hours 1 34 29 P. L. , 2799 37 58 
Compute d diff. : 37 58 P. L. , 6759 
N. M. 8. — —— 
Prop. log. of i 3960 
T. over 1ſt diſt. 5 He M. 8. 
1 23 41 the diff. of time between the ſhip and Green- 
T. at Greenwich 4 12 19 wich, being brought into long. by allowing TS degret'y 


J. at ſhip 5 36 Ke. for every hour, briefly by table XI. gives 2055150 
5 5 | — — — the long. in; and it is eaſt, becauſe the time at the hi 
324 41t-M more than that at Greenwichs 


- Þ 


\ 
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1 EXAMPLE III. ö ö n 
Suppoſe that on the 20th of Nov. 1796, a ſhip at ſea, in long. 99 weſt of Greenwich, by 
account, at 6 H. 10 M P. M. per watch well regulated, the diſtance of the O's and YÞ*s 
neareſt limbs ſhould be obſerved 102? 57 J, when the alt. of the ©*s lower limb was 18® 
4% J, and that of the Y's lower limb 70? 32, the eye being 20 feet above the ſea, and 
the longitude be required ? 7 | 


H. N. NM. 8. 
Time per watch 6 10 Y*'s ſem. n. 16 11 Hor, par. n. 59 25 
Long. 9 W. 36 Ditto at m. 16 6 Ditto at m. 59 5 ; 
Red, time 6 46 | „ 20 P. part 117 
| Fe, TE 16 11 
| — Hor. par 59 25 
| | | 16 8 PI — 
Y's obſ. alt. | 70 32 O Ang. 15 Hor. p. red. time 59 14 
Sem. 16 23/— Dip. 4 16% nr 12 7 „ N | | 
| — Sem. red. time 16 23 
)'s app. alt. 70 44 7 O'ꝰs ſem. 16 15 Sum „„ 
8 | _ Obi. diſt 102 57 30 
| 25 „ = e 
55 hor, par 59 14 P. log. 10, 4827 App. diſt, of cent. 103 30 8 
's app. alt 70 44 © Co fine 9,5184 Ses obſ. alt. 138 47 36 
| | 0 710 — dip 47/167— | 
— 25 in alt. 19 33 P. log. 964 Sem. Fu 15 - UP 4 1 59 
ef, 19 . O's app. alt. 18 39 29 
3 — ̃ĩ b Par, a“ 36“ Cor. O's alt. 
Cor. )'s alt. 19 14 „ 1 
Cor. of O's alt. 0% 2 36 P. Iog. 1,843 Nee £7 1,8403 
salt. 18 59 0 Co- ſine 9,9757 Co- tang. 10,4634 
App. diſt, 103 30 © 8. 979878 r 10, 6196 


Js alt. 70 44 © Co- ſec. 10,0210 — — 


— — Reje& 20 P. log. 2d ang 13% 2,9238 


Reject 30 Pro, log. 1ſt ang. 2 40 1,8288 Pro. log. 1ſt ang. 240 
8 | | ER 2 53 
App. diſt. 103 40 8 
| I mmi . 101-34 # 
Cor. D alt , è è ̃ P E. 0,9712 


Y's appa. alt. 70˙%4 Co- ſine 9,184 3 | Cot. 935435 
Diſt, cor. 103 33. Sine 9,9877 h Tang. 10,6179 
O's alt, .- 138 39 Co-ſe, 10,4877 | | — 


; | Reject 20 P. L. 4th ang. 13 16" 1, 1326 
Reject 30 P. log. 3d ang, 19 30” o, 96 50 Pro. L. 3d ang. 19 30 
N 1 Prin. eff. of para. 32 46 
Diſt. corrected 103 33 By 


Dif. cor. for the prin, eff, of para, and ref. Eb 103 0 15 
it Cor. Table X. = | 2 
2d Cor. ditto „ 1 © | 3 — 
Diſt. at öh. 103 24 28 5 True diſt. 103 0 13 
Diſt. at 9 h. 101 46 52 Diſt. at 6h, 103 24 28 

. | 7 2d Diff. 24 15 P. L. $706 
10 Diff. 1.27 46 P.. . 5 8 2658 
Diff, of time between ſhip and Greenwich 24 423 - 33 
Time ſtanding over firſt diſt. S 0-0 | > BL od 
True time at Greenwich : 6 44 43 | 
Time at ſhip | | 6 10 
Diff of time between ſhip and Greenwich 34 43 = 3? 40 45” the longitude in, 


ais welt, becaule the time at (hip is leis than that at Grecuwich. 
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©: 45 18 45 20 5 © | 106 18 30 
* 5 106 18 | 
1 17 1% 5 Diff. in 12 hours 20 


f . . 


EXAMPLE IV. 


% 


9 PY a ſhip at ſea, in long. 452 30 W. by acc. on June 13, 1796, at 3 H. 17 20” 


P. M. the following obſervations were taken, when the eye was 21 feet above che ſea, and 


the corre ctions of ſeveral quadrants as underneath. 


| Alt. of Y's Diſt. of © « & be 
Als. O's L. L. Up. limb. | YI, N. L. 


| Time at ſhip 


—— ᷣñvſ— 


lo we, ol „„ M47 RT 
19 2 6 16 E N 
. wr ee Y's Sem. at N. 


| of. 19 52 | 206 
45 45 ©| 19 52 © 100 17 45 Ditto midn. 


44 48 30 20 34 © | 106 19 15 pe gig 


5)226 50 15/100 20 30 | 531 31 of Prop. part 
Mean 45 2 20 6 6 8 855 
TE i bee e e Augmentation 


Er. quad. — 48 — 1 0 | — 2 37 
| | 3 5 

45 21 Ic 20 3 6 105 15 35 th em, 
Dip. — 4 22 4 22 ; 8 obſ. 


a 


182— — — |} 


| Þ's ap. alt. 


Obſerved diſt. of O and » 106157 457 P t 
Sum ſemid. O and) | 31 5 8 


— — Litto at iy ti. 


19 43 23 Co-ſine 9,9737 


App. diſt. of their centres 106 46 43 P s ap. alt. 


6 8 | 506 15 | - 
1 3 Show. par. N. 56 9 


— — Long. 455 30 W. 3 2 © 


5 3 


6 19 8 
15 . 8 a, 56 9 
xc x4 For. par. 55 49 


N 


7 


15 42 


42 


— 
| 
Ut ty 
coun 
A dv 
HS buy 


19 43 23 


II 
— 


55 58Prop log. 10, 7074 


Par. in alt, 52 41 P. L. 533 
Ref. 2 37 Cee, 
5 ES : — Ref. ©'s alt. 560 
Cor. Y'*s alt. 50 4 . 
O's alt. 45 16 53 Cor. O 5; alt. 49 
Ditto Sem, 15 47 
's ap. alt. 5 32 40 „„ 
Cor. of fo salt. 49 P. L. | . 5 5. L. 2,3432 
Os App. alt. 4520 40” Co- ſine 9758454 Co- t. 979917 
App · diſt. 106 47 Sine 95,9810 1. 20,5206 
d 's App. alt. i943 Doe. 10,4718 —— 
— — Rejet 20 P. L. 2d ang. 15“ 2,8555 
Reject 30 P. L. of 2ſt ang. 25” Fe iſt ang. 25 
| Oo App. diſt. ' -. 106 46 43 
| | Corrected An. 106 47 223 
Cor. of s alt. cog” P. I. 0,5557 8,555 
Y'salt. 1943 Co- ſine 959737 Co-t. © 10, 4456 
Cor. diſt. 106 47 Sine 97,98 10 ie; 
D* app. alt. 45 33 - Ce- ſec. 10,1464 — — 
8 ; | | — Rej. 20 P. L. 4th ang. „ 25“ 1,5218 
Pr. log. of 3d ang. 39 40“ reject 30 06 55 3d ang. 39 40 
Prin. eff. of par. 45 5 
. ; DI r 106 47 23 
Diſt. Sermded for ee gare of ref. Ss. par. 106 2 18 
© Firſt cor, from Table X. 6” : 
Second cor. from ditto 4 3 | - 
— — 5 - Dif. ” 105 2 
Diff. 2 | | | —— 
True diſt. 


© = GS + SEATS OI on 


106 216 


* £Iwe 
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the time at N is leſs than at Greenwich. 


106% 2/ 16 


Iſt diſt. at 6 h. 10 05 58 3 True diſt. EL 
2d ditto at 9 he 107 24 54 Firſt diſt. 105 58 3 7 
1k Dif. 1 26 51 1 . — | — — o, 3165 
p. L. dif. time | 38 44 | 3 — won 
T. ſtand over the 1ſt diſt, 5.0 P. 3 — 1,3138 
True time at Green. „„ 

Time at hig, ' 3 17 20 | 
Dif. time 2 51 24 = 429 gr the ws? in, and it is weſt becauſe 


| EXAMPL E v. ' 
Suppoſe that on the 1 «th of May, 1796, in long. 2 E. the eye 21 feet ho th fa; 


the following g obſervations were made, and the true e be required * ? 


i | | Alt. Alt. Þ's | Diſt. 's HR. M. 8. 
5 of Spica. 21 far, . Time per watch 12 41 19 
He M. s.] D. M. 8. [p. M. 8. D. M. 8. 1 ß! OO 
12 36 14] 19 50 30 18 6 of 31 30 45 Sup. time at Green, 21 33 19 
12 39 5 20 2 of18 21 ©| 31 31 30 
12 41 41] 20 15 o|18 39 30| 31 34 © Þ's Semi. 159 25, and the ang. 
12 43 45 20 29 oſ18 55 of 3x 33 © 6” , added, gives. the true ſemi, 
12 45 53 20 45 019 9 of 31:35 45 15 a” and her H. P. is 56' 35% 
— — — F e ö D. M. 8. 
8 26 38/101 16 30.93. 10 30/157 45 of P 's obſ. alt. 18 45 36 
5 — IR — — — 1 Semi. 150 T l | 
Mean 12 41 19] 20 15 18018 38 6| 3x 33 of Dip. 4 22=dif, 11-9 
Er. of quadrant. | Þ 7 30-T- © ly: 1 25 — — 
— — — —ů ͤ pn 13-56 
| - I'S AI 191 20 15 18118 45 36 31 33 24 ö 5 42 | 
Obſ. diſt. 313 % „ 56350 . 10,5026 
J's ſemi. © n, 2010 45 — 1 RR Rn 
Ap. diſt, of centres 31 17 53 P. in alt. 53 31 E P. L. 0, 5268 | 
X's obſ, alt. . 245 l 
* | | Ns : SONY Cor. J's alt, 580 46 
App. alt. 2 10 1 
Cor. of 's alt. 2.34 P.k.  - ——- P; L. 
's alt. 20 Iz © Co-line 9,9725 Co-tan, 10,4346 
App. diſt. 1 31 18 Sine 9,7156 Tan. 9,7839 
) alt, 18 57 Co-ſec. 10,4885 | 
NS; | 5 — . L. 2d ang. 1 2506 
Prop. log. of iſt ang. 143“ 20225 iſtang.n 425 * 
Dil 
5 Ap. diſt. 31 17 53 
5 Diſt. 37 18 30. fer Re. 
Cor, of ) 's alt. ze 46” P. 1H 0,5497 ö = Pk 0,5497 
Y's alt. 1  Co-ths 9,9758 | Co-tan, 10, 4642 
Cor. diſt, 5 Sine 97156 Tan, - 997339 
salt. 20 11 Co- ſec. 20,4621 — 
5 Rs 2 0 ' —— ath ang. P. . 28˙% 40" , 0,7978 
Reject 30 P. L. zd ang. 35 397 , 7032 3d ang. 35 39 ; | 
5 : | | Prin. eff. of par. 6 59 
= 1 Cor. diſt. 31 18 3 
l 


Diſt cor. for prin, eff, of par. and ref, 
Bk 


Dif. of time 8 ſhip 
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Cor. from Table X. 37 OE 31 11 4 
Cor. from ditto 1 diff. Is | 36 
Diſt. at 12 hours 31833 38 & Comp. diſt. 31 11 40 
Diſt. at 15 hours 30 O 21 Diſt. at 12 31 33 38 
0 — —2— N — gs mmm 
1ſt diff. 1 3 27 P. L. 2855 2 Diff. 5 58 
2d diff. o 21 58 P. L. 9132 | : 
| | | — MH. u. s. OM 
3 Wl - APIS e 5 
Time ſtanding over iſt diſtance . OBS 
True time at Green, —— — 132 42 24 
Time at ſhip | — — 12 41 — 


and Greenwich ” — 161 15! the long, i ing 
and it is weſt, the time at the ſhip being leſs than at Greenwich, - | * : 


EXAMPLE VI. 


. Suppoſe the Wit, of the O and ) 's neareſt limbs, with the reſpe&ive ee of their 

Tower limbs, were obſerved as under, on the 13th of April 1796, the eye being 18 feet 
above the ſea, in lat. 34? 17 N. and long. by account 89 30 W. of Greenwich, the watch 
not previouſly regulated, and the ſhip's true longitude be required? _ 
As the © muſt be then at a ſufficient diſtance from the meridian, the mean of the 


three altitudes may be ſuppoſed preferable to any ſingle alt. taken for finding the time. 


— — — — 
4 ; L 


—— — 
— 


| 
| 
KI. 4 $0 57] 77 14 


uk. M. s.] D. M.jD. M.] p. N. _ 
447 214] 77 11122 51] 80 18 Sup. T. 3 24 57 Dip. 4 3 
PF: 4 50 11j'77 130/22 120 80 36 


Su. 14 32 57 1 91242 3 


| = & | | O Gs 8 He M. 8. 
| Times. {| Dift, | Alt. | Alt, T. at ſñ. 4 50 57 O's alt. 
| Lon. in T. 34 ſem. 15 58 45 


| 


' Obſ.. diff. of © and Þ 
's ſetni, 15 ag 
- . J's ditto 16 27 FO 


App. diſt. of centres 

Cor. C's alt. 0? 2' 21” 
O's alt. 22 15 © 
App. diſt, 77 46 © 
Des alt. 8 53 © 


| Reject 30 firſt ang. 2 23 


DiR. cor. for C 's ref. 
Cor. 's alt. of 915“ 
I's alt. 80 53 00 
Cor, diſt, 77 48 36 
©'s alt. 22 15 +0 


6 4 


22.74 55 


11 55 


| : 1 App- alt. 
$ } 4 55 26077 18/21 6819 's ref. 2219'—P. 32 11” cor. of Oꝰ $ alt. 
: | ——ů— 3 's obſ. alt. 80 41 © 
's ſem, 26' 27"—dip. 4'3'=. 0 12 24 
— 8 ; d sapp. alt. | 80 80 53 84 24 
. 3 s hor. par. o 59/ 22“ P. L. 105,481) 
77 14/ Os app. alt. 80 53 24 CL. co-ſ. 971098 
| P. L. of J's par. in alt. 1 2815 
0 * 2 Ref. b 5 x 
77 46 25 Cor. of Y*s alt. | 9 266 
9p. L. 159161 
Co- ſ. 951664 Co- tan. 10,3881 du 
T. 10, 6639 A. 
Co- ſec. 10, 0 % * - — of 
; — P. L. zd ang. 12” 259681 
P. L. 1,8780 2 23 bo 
BE ea 10 
App. diſt, -' 77 46 25 
77 48 36 
= of 1,2891 „ 1,2891 t \ 
Co- ſi. 951998 ö Co- tan. 972054 4 
Sine 959201 Tang. 10,6654 hal 
Co-ſec. 10, 4218 5 ; 
— - 4th ang P. L 12 37 1,157 


3d ang. 22 37 


Dit. cor. prin. for effect of par. 5 ref. — true diſt. 


from Tavie X. will bre 


8 L. 3 o, 9009 ö 22 37 
Dif. 10 10 
Cor, diſt. 77 48 36 


nothing. 


77 38 26 the congeicn | 


z 


THE LONGITUDE AT sEA. 


| To find the time, © By the ſecond method thus: 
: i D. M. 8. 5 , N a ; 2 
O's app. alt. 22 14 55 Dee. 9930 lat. 34 17JCo. lat. 55 43 Co-ſec, 508288 
Cor. o go Dec. 9 30 Sec. 00600 
True alt. 22 12 44P.D. 80 30 C. I. 55 43 M. alt. 65 13 N. S. 90790 L. R. 08888 
90 5 T. alt. 22 13 N, S. 37811 | 
2 Gun 22979 Log. 472511 
co lat. 55 43 © Co- ſec. o, o8288 | | — 
Pol. diſt, 380 30 o Co- ſec. 0,04600 |In col. rifing 4h 38 4, 4781299 
— — By the Ephemeris. | 
204 © 16 p. M. 8. 


= „ Diſt. at 3 hours 76 27 23 
Sum 102 © 8 Sine 9, 99040 0Diſt. at 6 hours 78 5 44 
Z. diſt. 67 47 16 True diſt. 77 38 26 


— — —n—— ö —— 


Rem. 34 12 52 Sine 9, 74980 [Diff. in 3 hours 1 38 21 P. L. 2625 


Sum 19,82908|Comp. diff, 


— — — ; — 2 mann Wane? 


1H, ang. 46 40=Col. 14544 ; 
; 37 2 ” Time over iſt diſt, 3 00 08 


H. M. 8. 


Hl. ang. 69 33 20 = 4 38 13 Tr. Ti. at Greenwich 5 10 02 


Time Tr. time at ſhip 4 38 13 


| Long. in time 31 49=7? 57 15 w. 


In finding the time the declination is proportioned to the reduced time 6h, 54. 


Here I have given ada method of finding = longitude, illuſtrated = 
by a ſufficient number of examples, all of which are reduced to the 


year 1796, in order that the reader, or teacher, may have ſufficient 
time to furniſh himſelf with a N. A. for this year, which is now 
printed. But as many would with to have ſome other method of 
reducing the diſtance, that, by comparing them together, they may 
not only have the advantage of proving their calculations, but allo of 
making choice of which they prefer to work by. - 

The ſecond method I ſhall preſent the reader with, is chiefly de- 
cuced from that invented by Mr. Witchell, late Maſter of the Royal 
Academy at Portſmouth, and as it is ſhort, requires but four places 


of figures in the logarithms, beſides the index; the preparations in 


both methods being exactly the ſame, 


To find the true Diſtance, obſerve this general Nl | 


Firſt, Add the © or & and J's apparent altitudes together, and 


take half the ſum ; and ſubtract the leſs from the greater, and take 
half the difference ; then add together | 
| The co-tangent of half the ſum, 
The tangent of half the difference, and 2 
The co-tangent of half the apparent diſtance, | | 
Their ſum, rejecting 20 in the index, will be the log. tangent of 
an angle, which call A. „ : | 


1 11 03 P. L. 4037 


2 10 2 = 1412 


Hs © Secondly. 


<2 - . — — —— — 


4 


- 480 7 nE METHOD OF FINDING 


Sechndly. When the © or *'s altitude is greater than the Ys, 


take the difference between the angle A and half the apparent dif. 
tance, but if leſs take their ſum. Then add together 
The co-tangent of this ſum or difference, 
The co-tangent of © or *'s apparent altitude, and 
The proportional log. of the correction of the © or * alt- 
tude; 
Their ſum, rejecting 20 in the index, will be the proportional lo- 


n of the firſt correction. 


Thirdly. If the ſum of angle A and half the apparent diſtance 


was taken in the laſt article, take now their difference; but if 8 
difference, take now their ſum. Then add together 
The co- tangent of their ſum or difference, 
The co- tangent of D's apparent altitude, and 
The proportional log. of the correction of the I's apparent 
altitude; 

Their ſum, rejecting 20 in the index, will be the proportional 
10g. of the ſecond correction. 

Fourthly. When the angle A is leſs than half the apparent diſ- 
tance, the firſt correction mult be added to, and the ſecond ſubtracted 
from the apparent diſtance ; but when the angle A is greateſt, 
their ſum muſt be added to the apparent diſtance, when the © or X's 


altitude. is leſs than the I's; but when the Y*s altitude is leaſt, their 


ſum muſt be ſubtracted to give the corrected difiance, 
Fifthly. In Table X. look for the corrected diſt. in the top column 
and the correction of 's alt. in the left-hand fide column; take out 
the number of ſeconds that ſtand under the former and oppoſite to 
the latter. Look again in the ſame table for the corrected diſtance 
in top column, and the ſecond correction in the left-hand fide co- 
lumn; take out the number of ſeconds that ſtand under the former 
and oppolite the latter, the difference between theſe two numbers 
will be the third correction, which muſt be added to the corrected 


diſtance, if leſs than 909, but ſubtracted from it, if more than go" ; 


the ſum, or dificrence, wiil be the true diſtance. 
To illuſtrate this laſt method of reducing the apparent diftance to 
the true diſtance, I ſhall take the apparent altitudes and diſtances as 


they ſtand in the three firſt examples, worked by the former method, 


ETYAMPLE I. See page 243. 
Cie en the apparent diſtance of the J 's centre from the & 63 35 1 the 55 s appa- 
rent alticude nd 29 44', and that of the e 45? 9. 12", the Eb $ orizontal 
parallax 35 2. Required the true diſtance ? 


Dc MM. 
X altitude 45 19 12 Ds hor. par. 3 HP 10, 146 
Ref. or cor. of R Salt. „CC Log. coſ. 9959? 
Ys Par. in alt. F 12808 ol pg, 5: 6,360 
Ref. 5 2-4 
* Cor. of Þ*: alt. 48 1 
3X "3 appas alt. 45? 9 227 | 8 NOR 


 Þ's appa, alt. 24 29 44 
Sum 69 38 56 


Fly 


THE LONGITUDE AT SEA; 


Sum ; | 2 69387 56” Half is 34%49 287% Co- tan. 
Difference 20 39 28 Falf is 10 19 44 Tang. 
App - diſt. 63 35 13 Half is 31 47 36 Co-tan. 
Iſt Cor. add _ | 9 Ang. A 22.54 © Tang. 

| . | Dif. 8 53 36 Co-tan, 
2d, Cor. ſub. 30 54 | K's Alt. 45 9 12 Co- tan. 
5 5 — — * 2 Cor. 5 37 P. * 
Corrected diſt. 63 4 28 5 
3d Correction add 5 | Iſt Cor. | gs FL 
True diſtance 63 4 33 | Half app. diſt. 31 47 36 15 
8 Angle A. 22 54 © 
Differing 2“ from that found | . 
by the former method, | Sum 54 4x 36 Co- tan. 
e | Þ's Alt. 24 29 44 Co-tan. 
Cor. * „„ 
2d Cor. 30 54 P. I. 
Iſt Cor. tab. X. a 5 
2d Cor. ditto 4. 
3d Cor. of Ames 7 ph 54 
EXAMPLE II. See pige 244+ 


10,3056 
979977 
252775 


— — 


210808 | 


97850 


10,3413 
25739 


— 


, 7653 


4 


"Gets the apparent altitude = the O's centre 329, that of the Ys 24, and the 5 6. 
parent diſtance of their centres 689 42/11 E and the Y's horizontal parallax 58“ 400. 


Required the true diſtance ? ? 


Ref. of O's alt. F 31” Y's Hor. par. 
Par. in alt. 2 "5 ES Alt. 
Cor. of O's alt. 1 23 Par. in alt. 
Ref. | 
Cor. I's alt⸗ 
O's Alt. 322 
.. 
dum 2179 a Half is 
Difterence „ Half is 
App. diſt, 68 42 11 Halfis 
it Cor. . a5 Apt. 
Corrected diſt, 68 42 34 | Dif. 
24 Cor; ſub. 22 55| O's Alt. 
it Cor. tab. X. 8] 68 19 39 | Cor. Q's alt- 
2d Cor, ditto xjDiff. 7 | 1ſt Cor. 
True diſt. 68 19 46 Halfdiſtz 
f Ang. A. 
Differing 2” from that found by FO wok 
the former method, Sum 
Y's alt. 
2 | Cor. I's al, | 
2d Correction 


5810“ P. L. 19 
24 9 © Co-tine 9,9607 
$338 Po 0,5299 
3 7 N 
"208 8; 
23 | | Co-tan, 10,2743 | 
4 Tang. 1,8446 
34 21 5 Cos: tan. 10,1655 
10 54 Tang. 9,2842 | 
23 27 5 Co- tan. 25 10, 3627 
1 Co- tan. 10, 2042 
| P. L. 2,1143 
x 23 — 
23 P. L. 2568 12 
34 21 
10 54 5 | 
45 Ig Co-tan. 9,9962 
24 Co-tan. 10,3514 
3 F-. 9,5475 
22 55 0,8951 


P. L. 


EXAMPLE 


- 
þ6 - 
— 
- 


* 
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THE METHOD OF FINDING 


EXAMPLE Ul. See page 248. | 
Given the O's apparent altitude 18 59 4, the ) 's 70? 44”, the apparent diſtance of their 


_  eentres 1037 30' 8”, and the ) 's horizontal parallax 59' 157. Required the true diſtance ? 


Refrac. of O's alt. 2 44% J. Hor. par. 59 15% P. L. 10, 4826 
Par. in alt. „„ ae. 7044 Co- ſine 9,5185 

Cor. of ©'s alt. 2 36 e OT b 19 33 P. L. 079641 
O's App; alt. 289 59 30 5 20 „ : 

. Cor. Js alt. 19 14 
's ditto 70 44 © = . 
Sum 89 43 30 Half is 44 51 45 Co- tan. 10,0020 
Diff. 51 44 30 Falf is 25 52 15 Tang. 9,685) 
App. diſt. | #93 30 8 Halfis 51 45 4 Co-tan. 9, 896) 
. | Angle A 21 1 Tang. 925944 
2ft Cor. add REO : Es, ns 925944 
| = | Sum ang. A. and 4dif, 72 46 4 Co-tan. 9,4916 

DD 1᷑03 33 11 O's app. alt, 18 59 30 Co- tan. 10, 4632 

2d Cor, ſub, 32 43 ml | | 

$ 8 — r. O's alt. . 
Cor. diſt. 103 © 18 P | Dk „„ Ke 

Iſt Cor. tab. X. © 1ſt Cor, 33 P. EL. 1,7951 
True diſt. 100 © 16 2 App. diſt. 51 45 4 5 
Differing 3” from that found by Diff. 30 44 4 Co-tan. 16,2258 
the firſt method. + J's : Co-tan. 9, 5435 

Or. Y's alt. 19 14 ä 0,9712 
1 2d Cor. 32 43 P. L. 17405 


I ſhall leave the working of the other examples by this method, to 
exerciſe the learner, and proceed to ſhew how to find the true alti- 
tudes of the ©, ), or a & by calculation. : 
| | T find the Sur's true Altitude, i 
It ſometimes happens that the diſtance of the celeſtial objects may 
be taken, but for want of a good horizon, or aſſiſtants, their altitudes 
cannot be taken at the ſame time; to ſupply ſuch deficiencies, obſerve 
the three following caſes. | „„ 
0 5 r . . 
The apparent time, the ſhip's latitude, longitude, and 
declination given, to find the true altitude of his centre. 
WVVFHP . 


If the ſhip's co. latitude and the O's declination be both north ot 
both ſouth, take their ſum ; but if one be north and the other ſouth, 


the ſun's 


their difference is the ©'s meridian altitude, .. 

With the apparent time from noon, enter table VI. and from the 
column of riſing take out the logarithm correſponding to it. 
To this logarithm, add the log. co · ſine of the latitude, and the 


Their 


log. co-fine of the © 's declination, 


ay = WH ww T7 
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Their ſum, rejecting 20 in the index, will be the logaithen of a 55 
natural number, which being ſubtracted from the natural fine of the _ 


©'s meridian altitude, will leave the natural line of his true altitude 


at the given time. 
EXAMPEE I. 
Required the true altitude of the ©'s centre, in lat. 49 57 N. 


July 25, 1796, at 6 H. 56 M. 39 8. in the morning. 


H. M. 8. 5 

| 12 0 

App. time 6 56 30 | ; 
Time from noon _ 5 3 30 Its log. in ga of oY ing 4.8789 
Latitude 49 57 © N. its log. co-fine | 9.808 52 
Decl. at that ti time 19 26 o N. its log. c co-fine 5 9,0% F 
Coz lat. 40 3 RejeRt 20 N. N. - 501mg eng ; 
Mer. alt. 1 59 29 Nat. ſine | 86148 1 


ER —75—˖ oops 


Nat. fine true alt. 40277 = 23® 4. 
E X A M EE H. 


What will be the true altitude of the O's centre at London, No- | 


vember 24, 1796, at 3H. 21M. 308. apparent time in the afternoon? 
H. M. 8. 


E 
Decl. at that time 20 49S, Log. co-fine = 9.97068 
Co. lat. . 38 28 N. Nat. num. 21062 log. 4.32351 | 
Mer, ut. 17 39 PE los ©: 30320 
Nat. 88 true alt. 8 9 | Nat. fine 09258 ä 

"CASE I. 


N. apparent Time, the Latitude and Longitude given, to find the Al- 
| tude of any of the knawn fixed Stars. | 


„„ | 
Turn the longitude into time, and add it to or ſubtract it from the 


time at the ſhip, according as it is eaſt or welt, the ſum or difference 


will be the time at Greenwich. 


Take the ©'s Rt. Aſcen. from the N. A. Fo proportion it to the 
time at Greenwich, and add it to the apparent time at the ſhip, which 


will give the Rt. Aſcen. of the meridian, or mid- heaven. 


Find the *'s Rt. Aſcen. and declination in Table XX. and mh | 
the difference between its Rt. Aſcen. and the Rt. Aſcen. of the me- 


idian, which will de the diſtance of the * from the meridian. 
Having 


' 
; 
U 
j 
' 
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Having the #*'s diſtance from the meridian, with its declination 
and the ſhip's latitude, the true altitude is found in the ſame manner 
as has bcen ſhewn in the laſt examples of finding the true altitude of 

the ſun. 1 


[= re. | 
What will be the true altitude of Aldebaran'at Edinburgh, April 
11, 1796, at 5 H. 56 M. 205. apparent time 


H. M. 8. H. M. 8. 


Apparent time 5 5 56 20 O''s Rt. Aſcen. at Noon 7.24 27 ; 
Long. 3?6'W. intime 12 24 Pro. part for 6 hours = 0 


App. time at Green, 6 8 44 Rt. Aſcen. at Edinburgh 1 23 22 
—! ß e 


| | R 

Rt. Aſcen. merid. 7 32 6 f 

* õ Rt. Aſcen. 4 24 14 c | * 

's diſt. ſrom merid. 3 5 52 Its log. in col. of riſing 4.50184 L 
Edinburgh's lat. 5558 N. Log. co-ſine 5 9, 74794 

s declination 16 5 19 N. Log. co-ſine 9, 98266 ) 

Co. lat. 34 2 N. Nat. num. 17058 log. 4523244 180 

| Meridian attitude 58 7 19 Nat. fine 7673 * 

True altitude 30-397 Nat. fine 50657 ee ed * 

Norz. As the table is calculated only to zo“ the difference between the | 

log. of 3 H. 7 M. 30 S. and 3 H. 8 M. muſt be taken, which is 218: Then aſc 

ſay, as 30: 218: : 22: 159, which being added to 4, 5002 5 the log. of 3 H. ] 

= M. 30 S. gives 4.50184, the log. of 3 H. 7 M. 52 S. as above. the 

5 | | 3 Ds 555 the 

I. % ũ tud, 


The apparent Time, the Latitude and Longitide of the Ship being given, the” 
= to find the true Aliitude of the Moon's Centre. | 


. | 
Turn the longitude into time, and if it be weſt add it to, but if it 
be eaſt ſubtract it from the apparent time at the ſhip, and it will give 2 
the time at Greenwicg. | - 1 
Take the O's Rt. Aſcen. out of N. A. and proportion it to Green- 
wich time, which being added to the time at the ſhip, the ſum wil 
be the right Aſcenſion of the meridian or mid-heaven. : 
Take out of the N. A. the D's Rt. Aſcen. and declination, and 
proportion them to the time at Greenwich. Turn the I's Rt. At- 
cen. into time, and take the difference between it and the Rt. Aſcen, 
of the mid-heaven, which will be the diſtance in time of the) from 
the meridian. 1 „ EE 
* Having the ſhip's latitude, together with the Þ's declination and 
diſtance from the meridian, the true altitude is found, in the ſame 
manner as has been ſhewn in finding the true altitude of the O and &. 
1 5 : EXAMPLE 


23 18 — 


What will be the) 


THE LONGITUDE Ar SEA. 


EXAMPLE. DE 
's true altitude at 19 H. 16 M. 52 S. apparent 


23 


time in latitude 14 ˙45 S. and longitude 167 E. on Augult 24, 17965 
19 16 52 8 [334% 


App. time at ſhip 
Long. 1677 E. in time 


App. time at Greenwich 8 


©'s right aſcenſion 
App. time at ſhip. 


11 


8 © 


—— —— * 


8 52 
10 16 58 
19 16 52 


r —ů —ů—ð5ðne 


29 33 50 


Right aſcenſion of the merid. 


Moon's right aſcen. in time - 


Moon's 06: fines the merid, 


Latitude 
)'s decl. at ſhip 


Co. latitude 


Meridian altitude | 61 45 5 
N. fine of I's true alt. 44210 a N. ſine 


13300 N. 
8 75 15 8. 


3 


5 33 50 
88 


—— — mm 


2 24 54 
14%45 


5 di J 1% 
Log. riſing 4.28623 
; Log. co-ſine 5 « 9,98545 


Log. co-fine 9.98783 


— 


Nat. num. 18182 Log. 4.25951 
Nat. ſine 88089 | 


69907 


In the laſt example proportional parts are taken in finding the right 
aſcenſion, declination and log. riſing. 0 
By the three laſt caſes the true altitudes of the een are found, 


therefore if the apparent altitudes be wanted, the di 


erence between 


tne O's parallax and refraction muſt be added to the ſun's true alti- 
tude, the refraction muſt be odded to the true altitude of a ſtar, and 
the difference between the I's refraction and parallax in altitude muſt 
be ſubtracted from the true altitude of the moon thus found, to ob- 


o 


tain the reſpective apparent altitudes of their centres. 


0 


To find the Longitude by the Eclipſes of Fupiter's Satellites. 
On the day preceding the evening on which it is propoſed toobſerve 
an eclipſe, Jook for the time when it will happen at Greenwich, in 
page 3d of the month in the Ephemeris. Find the diff. of longitude 
either by a good map, ſea chart, or dead reckoning. | 
Let the watch be regulated by the © with all pollible exactneſs to 
the apparent time. Turn the difference of longitude into time, and 
add it to, or ſubtract it from the apparent time, according as it is eaſt 
or weſt of Greenwich, the ſum or difference will be nearly the time 
when the eclipſe is to be looked for in that place. But as the Jongi- 
tude is uncertain, it will be proper to begin 20 or 30 minutes before. 


Obſerve the hours, minutes 


d ſeconds of the beginning of the 


eelipſe, called immerſion, that is the very inſtant that the ſatellite ap- 
pears to enter into the ſhadow of Jupiter; or the emerſion, that is, 
bes 7 k k | : 


when 


* 
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| when it appears t to come out of the ſame. The difference of time 

between the obſerved immerſion, or emerſion, and that ſet down in 
the N. A. being turned into degrees, will give the difference of lon- 
gitude between Greenwich and the place of obſervation. 


Theſe obſervations made on the firſt ſatellite, or that which moves 


neareſt to the body of Jupiter, is the moſt proper for determining the 
longitude; and here it may be obſerved, that its emerſions are not 
viſible from the time of Jupiter” conjunction with the O to the time 


of his oppoſition to the O, and that its immerſions are not viſible 
from the time of planet's oppoſition to the ©, to the time of its con- 


junction. 
The configurations, or the poſitions in which Jupiter's ſatellites 
appear at Greenwich, are laid downevery night Wen vifible, i in the 


Page the 12th of the month i in the Ephemeris. 


EXAMPLE: 


- poſe that on the 17th of Auguſt, 1796; in long. 88? 300 weſt 
by account, an immerſion of Jupiter's firſt ſatellite was obſerved at 


12 H. 30 M. 20 8. apparent time. Requires the longitude ? | 
| H. MI. s. 


At Greenwich, the immer. of if ſatellite that day will be 18 20 30 
- Obſerved immerſion 55 e 12 3020 
Difference in time 1 „ 3 50 10 


Turned into longitude gives 87? 32 I, and is weſt, becauſe the time 


at Greenwich is more than at the place of obſervation ; ; the error in 


longitude 58+ miles. 
As theſe eclipſes happen almoſt daily, they Ab the moſt ready 


means of determining the longitude of places on land, and then the lon- 


gitudes of fea coafts might be better aſcertained than they are at pre- 
ſent 3 they might alſo be applied at ſea, could they be obſerved with 
_ ſufficient accuracy in a ſhip under ſail; which can hardly be done, 

ſince the leaſt motion of a teleſcope that magnifies ſufficiently to make 
- theſe obſervations, would throw the objects out of the field of view. 

The eclipſes of Jupiter's ſatellites may be well obſerved by one of 
Dolland's new achromatic teleſcopes of three feet in hene or by a 
rellqting teleſcope of 18 or 20 inches focal length. 


70 find the Longitude by the Eclipſes of the Moon. 


This is performed by comparing the times of the beginning or en- 


ding, as alſo the times when any number of digits are eclipſed, or 


when the earth's ſhadow begins to touch or leave any remarkable 
ſpot on the moon's face. 
Then will the difference of time be the like obſervations 
made at different places, turned into 0 be their difference of 
longitude. 
1 5 theſe ec l ipſes happen too ſeldom to be of any general uſe at ſea, 


. 8 OBLIQUE 


given 
AC 
ABC 


45 
46 


8 * all plane tr a the des are in direct proportion td the ſines of their * 


ths which*completes the triangle, and B C will meaſure on the ſame ſcale from 
which BD was laid down 268 nearly, and DC 119 alſo on the ſame ſcale. - 


+ 257 IT; he 
OBLIQUE TRIGONOMETRY. 


AXIOM 3 


5 angles. 
To find a Side. 


As the ſine of an angle | | b 
Is to its oppoſite ſide, | 
So is the fine of either of the oe angles i in the file triangle 
To the fide TY thereto. 
To find an Angle. 
As any fide given 
Is to the ſme of its oppoli te. angle, 
So is either of the other ſides in the ſame tr n 


Jo the line of its oppoſite angle. 


CASE I. | | 
Two angles and one fide 8 1 „ 
given, to find either of the b 5 5 
be 8 S n 
The angle BDC 2100 IE 
and angle DCB = 54%. | ah 6 
| And the leg. BD 220 | 2 „„ 
are given to find the . BA 85 — . 


* 


| CONSTRUCTION. 

Draw an indefinite line GE, add the two angles D and 2 degethe 0 ſub- 
trafting their ſum from 180? leaves the remaining angle B 26* on the line GE; 
on any point, as at B, deſcribe the angle B 26*, and on BH ſet of BD 220. On 
D make the angle BDC 100% then DC will inter{e& the line G E in the point 


To find & B. To find DC. a 
As the fine of the angle C 54 9.90796 As ine ang, . g 9.50796 | 
Is to the fide BD 220 2.34242 Is to the fide BD 220 2.34242 
So is ſupt. fi. of ang. BCD 80 9.99335 So is fine ang. B26% _ 9.64184 
| 2.33577 8 e 
25907960 | 5 9.90796 
To the fide BC 267.8 28.427817 To fide DO |Þ 19,2 2.07630 


by the Gunter. | 

iſt, The extent from $0® to 54* on the line of fines will reach from 220 to 267, 
on the line of numbers for BC. 

2d. The extent from 54 to 26” on the line of ſines will reach from 220 to 119, 
on the line of numbers for the ſide DC. | 

CASE. II. and III. 

Two fides and an angle A to one of them * given, to find the other | 
oppoſite angles and the third fide ? 

The fide BC 365, 
and the fide AB 640, 
and angle. A 26? 
given to find the fide 
AC, and angles 
ABC and BCA. 


K k 2 


— — 
8 , * 
* 4 


41 \ APs 
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4 


. CONSTRUCTION. ny | 
Draw the indefinite line FE, and on any point therein, as at A, draw the 
angle DAE 26%, Oa AD {et off AB=640, then on B, with 365 in your com- 
paſſes taken from the ſame ſcale, deſcribe an arch which will cut FE in the point 
'C. Join BC, and it is done. AC will meaſure on the ſcale before uſed 809 
nearly, the angle B will meaſure on the ſcale of chords 1033, and angle C 50 
nearly, | 


Proportion by Axiom II 5, 


DD To find the angle C. 5 To find AC. 
As the ſide BC 365 | 2, 56229 | As ſine ang. © 502 14 9588573 
Is to the fine of angle A 269 964184 Is to AB 640 | 2,80618 
So is the fide AB 640 2,80618| So is fi, ang. B, or its ſuppl; 7614 9,98734 4 
12944802 | 12,79352 . 3 
| 2,56229 9788573 b 
To fine angle C 5014 9,88 573 To ſide AC 808, 25,9077 d; 
Angle Aadd 26 © „ Ru | 4 
Subtract 76 14 
from 180 
Angle B 103 46 N | : 
It may be proper to obſerve, that if. the given angle be obtuſe, the angle ſought 
will be acute; but when the given angle is acute, and oppoſite a given leſſer fide, | 
then the required angle is doubtful whether acute or obtuſe, it ought therefore fal 
to be determined befere the operation ; for it is plain the above proportion pro- | 
duces 59 17 for the required angle, but as it is obtuſe, its ſupplement to 180˙% 851 
muſt be taken, viz. 120% 43'. | | | me 
1 By the Gunter. 2 | tlic 
1ſ. The extent from 365 to 640 on the line of numbers will reach from 26* 
to 50? 147, on the line of fines equal to the angle B. : : 
2d. The extent from 50 14' to 76? 14“ en the ſines, will reach from 640 to 
$09, on the line of numbers equal A C. | BA 
ES AXIOM I. | | 543 
In every plane triangle it will be as the ſum of any two ſides is to their differ- SV 


ence, fo is the tangent of half the ſum of the angles oppoſite theſe ſides, to the 
- tangent of half their difference, which half difference being added to half the ſum 
of the angles gives the greater angle, but being ſubtracted, the remainder will 
be the leſſer angles. | EEE TY 


CASE IV. and YV; 
Two ſides and their eontained angle E 
being given, to find cither of the other 
angles, and the third ſide? TS 
„ AC37%, and. : 
angle BCA 102% 30", to find the A 


angle BAC and CBA. 


Draw the indefinite right line C D, on which ſet off C B 110, make the an. 2 : 
le ACB=102® zo, then on AC, ſet off C A 80, join AB, and it is done, tc! 
AB will meafure.on the former ſcale 149, and the angles A and B will meal MW AD 
55 | DC 


Tit 


o 
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The proportion by Axiom III. will 5 


To find the angles B and A, 
As the ſum of the ſides AC and BC 190 2. 27875 8 


To find the fide AB * ke II. 


ABC, BAC 


As fine ang. B 31 32 9.71850 

js to their difference . 30 1.477 12/lͤ to AC 80 1. 90309 

So is tan. half ſum oppo. angles 38945 9. 90449080 is fine ang. C 102 — 9.989 58 
| — or its ſup. 77 20 

1138161 | 11. 89267 

2.27875 9.71850 


To tang. half diff. | 9? 13'=9-10286 To fide AB 149. 3 17617 ä 


By Gunter. 


it. The extent from 190 to 30, on the line of numbers, will reach from 38% FR 
45 to 79 137 on the line of tangents tor half difference. 


2d, The extent from 77? zo“, which is the. ſupplement of 1029 300 to 1809 to 


319 32/, on the line of ſines will reach from $0? to 1499 3“, on the line of num- 


bers for the ſide A B required. 

The learner may be at a lots how to Know to which angles the above ſum and 
difference belong, but let him remember the biggeſt hs 18 e the biggelt, 
fide, and the contrary, which, will determine it. | | 

AXIOM III. 
In any plane triangle, it will be | 
As the greateſt lide 
ls to the ſum of the other two ſides, 
So is the difference of thoſe ſides, 
To the difference of the ſegments of the baſe made by a e let 
fall from the angle oppoſite the baſe. 

And half the difference of the ſegments added to half their ſum will give the 
greater ſegment, but if ſubtracted from their half ſum will leave the leſſer ſeg- 
ment, the triangle being thus cut becomes two right- angled triangles, the hypo- 
thenuſcs and bats of. which are given, to find the angles oo axiom J. 


EO: AMSB VI. 
| The three ſides of-a plane triangle giv en to find the angles ? ? 
The fide . 
BA 88, BC 
54, ACros, 


given, to find 
the angles 


BCA. 


CONSTRUCTION. 

Draw the indefinite right line FG, on which from any point therein, as at A, 
ſet off AC 108, then 88 in your compaffe s, and one foot on the point A, ſweep 
an arch alſo with the diſtance 54 in your compaſſcs, and one point on C, {weep 
another arch interſecting the tormer arch in the point B, and it is done; BA, 
BC, AC, will meaſure 88 54 108 reſpect ively on the ſame ſcale. 

Tue proportion by axiom III. 


88 N Jo find AES A D- DC the diff, of ſegments. 
54 > 
142 Sum of ſhorteſt ſides As the ſide AC 108 | 2.03342 
34 Dif. ditto Is to the ſum of ſides AB and BC 142 2.15229 
— So is diff. fides AB and BC 34 1.53728 
Half baſe 4 5 ; x 5 
Half diff. ſegm. 2 
& 1H. lem. 22, 35 2.01 $342 2 
AD 76, 35 PE” ſegmentTo AE the diff. of ſesmt. of baſe 44, 7 1.05035 | 


DC 1314.05. Leaſt ſegm, Half 22, 35 
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Having divided the triangle into two right-angled triangles, the hypothenule 


OBLIQUE SAILING. 


and baſes of which are given, to find the angles by axiom I. as follows: 


| T0 find the angle DAB, 
As the hypothenuſe AL 88 


Is to radius | 10 

So is ſide AD the great. ſeg. 76 35 1-8828r 

To fine ang. ABD 6011 9.93833 

1 90 f 
* 


The com. is ang. A= 29 49 


5 


1.94448 


To find the angle DBC. 


As hypoth. BC 54 1.73239 
Is to radius 10 
So is DC 31 65 1.50037 
To fi, ang. BDC 3553 9+767g8 


90 


{ Its com. ang. C= 54 O Tang. A 20 49'= 
83 56˙äand 180830 56 gang. B 9654. 


AN . 


E come next to the doctrine of oblique triangles applied to problems of (ail. 


ing: and though it may be _ the meaſuring of inacceſſible objects, 


yet we ſhall confine it to thoſe prob 


ems which are more immediately neceſſary in 


navigation, and is chicfly uſed in taking the maps of harbours, ſea- coaſts, &c. 


as follows: 


2 Oblique Sailing exemplified by proper Examples. 


| As E I. - 
The hearing and diſtance of two places from each other, as alſo the bearing of 


each of them from a third place, being given, 


to find: the diſtance from the {aid 


third place to each of the other two places. 


EXAMPLE. 


Coaſting along ſhore, I ſaw a cape of land which bore from me N. N. E. I ſtood 
away W. N. W. 20 miles, and the ſame cape bore from me N. E. by E. I wouk 


know the diſtance of the ſhip at both ſtations from the cape ? 


. U 
Having drawn the compaſs N. E. S. W. 


CONSTR 


let A repreſent the place of the ſhip at her 
firſt ftation, from whence, through the 


N.N.E. 


point, draw the indefinite right _ 
line CA, alſo through the W. N. W. 


point, draw another indefinite right line, 


BA, and ſet off thereon 20 miles from 


ſcale of equal parts from A to B, through 
the centre of the compaſs alſo draw the 


N. E. by E. and S. W. by W. points, an 


a 


d 


parallel thereto from the point B, draw the 


' - eaſtward 2 points, and from the N. weſt 


ward 6 points, together make 3 points for 


line BC, meeting the N. N. E. in the B 
point C, and it is done; now from the N. 


the Z. BAC, alſo the difference between 
the N. E. by E, and N.N.E. points are 3, 
r= 33” 45; = ie. BC A, the scher . 
being a right Z, the angle CBA will be 


"the complement of 337 45 6“ 15% 


To find the diſtance AC. 


Radius 10. ooo 
AR zo miles 1 30103 
ee 15 - 10.175611 


: AC diit, from her 1 
Nation 29: 93 nules 


; 


* 


1.47614 


0 


ark P FF. 9 
N 


* 
To find the diſtance BC. 


Radius . 10. 00000 
: BA 20 miles 1.30103 
$8.3 Sec. 4 B 56? 15/ | 10.2720 
: Diſt, B C 36 miles = 1.55029 


1 


head 


T 
of t] 
the 


A 
the 0 
ita 


1ſt 
comp 
the f. 
draw 
equa] 
2d 
line 1 
then; 
the CO 
in A, 
line 1 
AC, 
courſe 
ſteered 
: E. lo 
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Being at fea, I ſaw two headlands, whoſe bearing from one another I find by 
the chart to be W. by N. and E. by S. diſtance 15 miles, the northernmoſt bore 
from me S. S. W. and ſouthermoſt S. E. by E. I demand my diſtance to each of 
the ſaid headlands? _ CONSTRUCTION. | _ 

Having drawn the com- | | on 
paſs, ſet off the bearings as | 
AB the $.S. W. bearing and 
AC the S, E. by E. courſe, 
draw through the centre 
the dotted line repreſent- 
ing the bearings of the two 
places from one another, 
and from A towards R, on 
this line, ſet off from any 
ſcale of equal parts, 15 
miles, from A to B, and 
draw B, draw DC parallel 
to B A until it cuts AC 


at the point C, through © _ | S | % Ro i £ 
ira BC parallel to AD „„ 
and it is done. 0 S8 8 = 


5 Calculation of the Angles. i 
Between N. N. E. and E. by S. is 7 points, or 7845 . ABC, between 8. S. 
W. and S. E. by E. is 7 points, or 78? 45 the BAC, conſequently the s ABC, 

and BAC=14 points taken together, wherefore taking 14 from 16 the numbers 
sf points in a triangle remains 2 points, or 229 30' for the remaining z. BAC. 
1 ; Calculation of the Sides, | 
As fine 78 45 = 9.99157 It being an iſoſceles triangle. 
Is to BC = 16 miles 9.17609 ACS BC 15 miles. 
So is ſme C. 22 30 2 AC 9. 58284 | | 


— nay 


10+75893 | | 
. 222 1 
To- AP==,5353 miles 0.70736 h 1 
This example and the firſt, are uſed for finding the diſtance of a ſhip from any 
head-land, &c. when the ſhip is about to take her departure from the land. 
= CSE I 1 bY 
The hearings and diſtance of two places from each other, and the diſtanceof one 
of thoſe places and the bearing of the other from a third place being given, to find 
the bearing of the firſt, and the diſtance of the ſecond from the third place. 
% MELEE : OY 
Admit two ſhips fail from the ſaid road, one ſails N. E. LE. eaſterly 16 miles, 
tie other fails 20 miles, and then finds the firſt to bear N. N. W. I demand the 
diſtance between the two ſhips? ED WS | 


CONSTRUCTION. 


* 


compaſs, let A be the place 
the ſhips departed from, and 
draw the N. E. 4 E. line AB 
equal 16 miles. | 
2d. From B draw the right 
line BC parallel to N. N. W. 
then with 20 miles between 
tue compaſſes, ſett ing one ſoot 
n A, with the other croſs the 
une B (C as in. CC and Join 2 
AC, then is the E BAC the © 
courſe which the ſecond ſhip 
ſteered reckoned from theN. 

E. outherly, to find which, 


iſt, Having drawn the 2 — 1 B 
. | 


= — er 
—_ — 


_ = 
. —— U 


* 


— - 
— — 


- . 0 . Y a 
* N 9 — n MC 3 
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| | + 
Calculation of the An hs. | f 
From B to C bears S. S. E. the oppoſite point to N. N. W. which is 2 points, dl 
alſo A bears from the ſame point B, S. W. EW. the oppoſite poi int to N. 
E. ZE. which is 44 points and two from the S. eaſterly, make 6 3 © rr for 
ches £ ABC, from whence you find the 2. C thus: | | T 
As the fide AC = 20 miles . N 7-30104 ; | A 
Is to fine of the Z. ABC = 73! 7.98087 A. 
So is the ſide AB 16 miles : 720475 . | A. 
"5. 1 «15409 | 

e EE. I, 1.30103 Ar 
Jo ſine of the Z. C 497 57 n 9.88396 ; 
From N N. W. add 22 30 | 8 Su 
Sum makes 555 72 27 from che N. weſterly. | 
Which being counted from the N. N. W. makes AC to bear from 12% 27 8 
weſterly, whence the ſhip" s courle was from A to C 729 27 eaſterly, or E. S. Ez 250 
2 E. nearly. > | 
Jo find the Diſtance of the two Ships from one another. =» thi 
= he £ ABC==p3*% 'o. + As fine ABC 07. eie, FR 
8 C= 49 2 Is to fine AC=20 oe SOOT | Fs, 

Sum 123 4 So is fine < 56 56 | 9.92326 

: . 8 ; | | 11.22429 

<A £ 50 50 = „ 9.98087 


To fide BC g 17 52 miles. 1.24342 


rn Ut 
The bearings and diſtances of any two places from a third being given, to Fud 
the bearings of the ſaid Face and their diſtance from each other. 


EXAMPLE I. 
Amit two ſhips ſet fail from the ſame port, one whereof fails N. W. 30 miles, 
the other fails N. E. by N. 40 miles. I demand their bearings and diſtance 


from each other ? | 
CONSTRUCTION. - * 


From A ſet of the N. W. ks B DN... 
AB, which make 30 miles, allo draw | 

the ſecond ſhip's courſe AC, and ſet off 
thereon 40 miles, from the ſame ſcale 
before uſed, join BC, and it is done. 


7 calelare the Angler. 155 

N. E. by N. 3 points 33 4 8 

N. W. 4 points — 48 FEE 3 5 | 

2 WHAE 78 45 
5 IS 

inne 

4 ſum opp. angles 50 37 


ad 


2 
Ice 
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A; ſum of i A B & AC=70 1,34;jol To find the Diflance from each other. 

Is to their difference 10 + gs 1,90000 As the fi. ang. B 60® 30 N 9793970 

S0 is tang . 4 ſum opp. Z. s 50 37 £ 195-8570 f | | 
” . , 11,08579 Is to fide AC 40 . 1,60206 

5 1,8451® So is ſine ang. A 78 45 | 975991 57 

To tang. & diff. 9 524 9424060 e ; 2 Ages 

Angle B 7 #0 38-7 | 970307 

Angle A „„ : | To their dit, B =45 8 „5 3393 : 

Sum 180 © | 

Angle C 40 45 

N. E. by N. 33 45 | 5 

Sum J 30 the bearing from / i 

or W. by S. T S. nearly. | ” 3 


The mutual diſtances of three places from each other, and alſo the bearing of | 
any two of them being given, to find the ſeveral bearings of theſe two from the 
third place. p 


Admit there be two ports lyiag E. by N. and W. by S. diſtance 400 miles, a 
ſhip from the eaſternmoſt ſails northerly, 450,7 miles, another from the weſtern- 
moſt ſails 300 miles arid meets the firſt, I demand the courſe ſteered by each ſhip ? 

1 | r x 


iſt, Having drawn the compaſs 
N.E.S. W. let B, the centre, repreſent 
the weſternmoſt port, and draw.the E. - 
by N. line B D, on which ſet off 400 
miles to D, then will D be the eaſtern- 
moſt port. 1 
2d. With zoo between your com- 
paſſes, and one foot on B, deſcribe an 
arch. | 
34, With 450 in For compaſſes, W 
and one foot on D, deſcribe another 1 
arch interſecting the former arch, as 
at C, join CB and CD. — | 
4th. Making BD the baſe from C, 
let fall the perpendicular CA thereon, . 
which will divide the oblique-angled 
triangle BCD into tworight-angled tri. 


Des. 


angles BCAand AC D. Xo 
BQ Axiom III. To find the Courſe from D, in E ACD. 

As the baſe 3D $00 | 2,60206 As the hypoth, : 450,7 . 2,5389 
Is toſum of ſides BC and CD 7 50, 7 2,87 547 8 EY — — 
So is diff. of ſides BC and CD 150, 7 2,781 | Is to radius 90 10, ooo 

= J, bois 4 * 341,4 2, 53326 

7 Er 2,60206 | „ 12, 53326 
To diff. ſegts. of baſe 289 $ 2,45152 | | 265389 
Half which . To co-fine ang. D 40. 46 9,7937 
Add to 3 baſe 5 2 | Subtract E. by N. 11.15 —a 
dum is gr. ſegt. AD 341 4 | | | 1 f ; 
8 . „ | Remains W. 29.31 N. for the ſhip's 

ff. the leſſ. ſegt. AB 58 6 courſe from D, the eaſternmoſt port. 

To find the Courſe from B, in 4. BCA. 
As hypoth. 300 2,4772 
is to radius 90 10, oo 
0 is AB | 53.6 1,76790 

: 11767900 | 
ECL | 2547712 9 N — 

Co. fne ang. B 989 44 95725078 


Add. E. by N. 11 15 


f 
Ee 


dum E. 89 89 N. or the coutſe is N. from B, the weſlernmoſt ſhip's port. 
„„ 5 LL | 


„ , Y # 


— 
— 
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r 
— * 
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this interſects tne E. N. E. 


2 x rang 1 * 4 10,7024 


OELIQUE SAILING» 
CASE. u. 


| This caſe is a compound of the firſt and ſecond caſes. 5 


ET AMPLE 1 


Coaſting along ſhore, 1 ſaw two headlands, the firſt bore from me N. E. the 
ſecond E N. E. and after I had failed E. by S. 10 miles, the firſt bore from ne 
I demand the bearings of the two head. 


N. by E. and the ſecond N. E. by N. 
lands from each other ? SS. 
r CTLIONE | C 

Iſt. Having drawn the rs, 
compaſs N. E. S. W. let 
A repreſent the place of 
the ſhip, from whence © 
draw the N.E. line AC, 
the E. N. E. line AD, and 
the E. by S. line A 
10 Miles, then will B be 
the ſecond thip's ſtations 

24. From B draw the 
line B C parallel to the 
N. by E. where this inter- 
ſects the N. E. line, as in yy 
C, gives the fir(t headland. 

3d, Alſo from B draw 
the line B D parallel to 
the N. E. by N. where 


— 


line, as in D, gives the 
ſecond headland, 


4th. Join the points C and D, then will C 5 be the diſtance of the 1 from ta 


other, and the = ACD their ering from the N. E. line, to find w hich by * 


„ UL AT I ON. 
- Fi:ſt you muſt find the diſtance of both headlands from both ſtations, 


1. In the A ABC all the 2.s are given, 2. In the A ADB. 

and one fide AB 10 miles. Betwixt E. N, E. and E. by S. = 
Betwixt E. by S. and N. by E. are eight E. DAB 33? 45, 

points, conſequently, the . ABC is right: | _ BetwixtE.N.E. and N. E. by N. is 3 points 

angled. ſo that the Z. ADB = 339457, now there are 
FBetwixt N. E. and E. by S. is 5 points, or | 2 £5 equal, conſequently there muſt be tv 

CA B=s 56215, Its comp. = £ ACB | hides equal, viz..the tides oppoſite thoſe an. 


3 point; = 


3 33? 45, In A AC B. | vles, that is, the fide AB the fide BY= 
As fine Ach = 339 45' = : 9474474 | Warez and the- & ABD is an iſfoſceles A 
: five AP e 1,00000 | 180 3 
ine . CAB E 56 15 9,9085 22 J0 
i 2)157 

B C 14,96 1777511 | Ed gs 

' or 15 miles nearly. | lg 78 4 
Laſtly, In the A CBDis given the fide As fine . BCD = 35 47 9974512 

C 3 14,96, the fide BD io miles, and £ CBD. | ——— 
For betwixt the N. by E. and N. E. by N.: to BD 10 oO. 10000 


is 2 points, or the 2. SB 5 130 23 line Z CBD | 22 30 9758291 


| 1 ſum of ſides BC & BD 24,96 39724 — 


C D the diſtance of both 62,32 1,8377 75 
Again, 

From £ BCD = 33 

"1 | . Jubtract N. by i 

: | eee 232 32 that is CD ben 

; tang. Z difference 44, 538 999953 | from C. S. 22 32 E. or 8. S. E. and 185 col 
. COB 123 43 : Tray WO ty ; 


＋ BC2 a - | 


s diff. ſides BC and B 4,96 0,69548 | 


# © GS = er 


The bearings of two or more places from two different ſtations, as alſo the bear. 
5 ings and diſtanee of the {aid ſtations from each other bein g oven, te find thy 
| bearing; and diſtance of the ſaid places from each other, | 
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' The Manner if Serveying Coofts and Herteurs 


H AVIN G, in the former part of this work, treated on thoſe brinchek 
of knowledge, which ought to be acquired by every one who under- 
ikes the conducting of ſhips t ta remote parts; I think it is incumbent on 
ne to give ſome directions concerning another branch, which, though of 
cat importance, ſeems to be too much neglected; namely, the drawing 
Drafts or Charts of the ſeveral ogy: along ww} nich they fail, and alſo of 
thoſe Harbours into which they. 1 | 
Thoſe who have the charge of 8 ting ſhips frequently complain, 
that few: of the ſea charts are found to be orcs Suppoſing the com- 
plant to be juſtly founded, we may reaſonably preſume, that ſuch incor- 
ectneſs has ariſen from the following cauſes; namely, the Authors having 
teo much recourſe to thoſe charts which were drawn. when the latitudes 
and longitudes of places were but ill determined, and when the neceſſary 
iatruments were not ſufficiently correct for the purpoſe of taking the 
different bearings; or it may have been owing to an impropriety in the 
wanner of 11 ſurveying the ſeveral parts. 
When a voyage is finiſhed, the Journal of that voyage, however molt 
able it may be to public purpcſes, is ſeldom regarded. Were the Lords 
of the Admiralty to eſtabliſh a Repoſitory for obſervations, drawings, ap= 
pearances of the land, and other uſeful articles, ſuch materials might be 
pplied to the improvement of navigation. Proper perſons might be ap- 
pointed to arrange and apply them in the conſtructing of uſeful lea charts; 
and ſuch charts, if not given to the public, ſhouid be delivered to the 
ficers of the Royal Navy, When a hip of war is ordered to go abroad, 
the Maſter who has the charge of navigating her 1s under a ſtrong temp- 
ation, not to ſay neceſſity, to purchaſe ſuch charts as will beſt ſuit his 
preſent circumſtances, though not the molt correct; and the valuable ſhip, * ; 
rich the ſtil] more valuable lives of the people on board, are e | 
greatly hazarded. 
Having ſome time ago waited on the Firſt Lord of the Admire I took 
be liberty to recommend the furniſhing the Maſters with proper charts, 
when ordered upon diſtance ſervices; and obſerved that ſuch charts might 
be returnable in the ſame manner as the ſhip's ſtores are now; which nas 
ong been the cuſtom in France. His Lordſhip thought proper to ſay, IM 
* Ho hoped the Admiralty would think of it.“ I told his Lordſhip that ab 
was then ſpeaking to the Firſt Lord of the Admiralty, and a Seamin,— | 
laving never heard any thing of the matter fince, I ſhall proceed to ſhe 
tie reader how the bufineſs of taking the bearint of any part of a coaſt, 
and of plotting or delineating it may de performed. 
1. Bring the ſhip to the moſt convenient place from whence you can 
the moſt diſtinguiſhed points of Jand, and the moſt remarkable objects 
Wn e and note "their bearings down in your ſtation book, as allo keep 
8 rough craft on a ſheet of paper, note thereon the {tation 1. 
2. Bring the ſhip to the moſt convenient ſtation or ſpot you find, 
bd take tie beaxings of the moſt remarkable points and ſpots you before 
eyed when at firſt ſtation, and obtain if you can the diſtance of your 
SI veſſel, 
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266 © COASTS AND HARBEGURS, 
veſſel, from your firſt Ration, from the bearings and diſtance of ſome 


on ſhore of objects from one another, you muſt, in this caſe, obtain it 
carefully by your log; alſo note theſe bearings down in your rough draft 
- as well as in your book, making a baſe line to repreſent the bearing of 
your ſhip at her -firſt. ſtation, and placing from ſome ſcale thereon the 
diſtance and bearing of your former ſtation, which will be ſtation 2, from 
whence draw the laſt mentioned bearings, and note their interſections with 
the ſame objects before ſeen; a line drawn through all theſe interſections, 
making it reſemble as much as you can all the turnings and windings of 
the land you ſee, carrying your eye from point to point on ſhore, and 
making the ſame wavings or windings in your draft. VV 
23. Note particularly on ſhore ſuch remarkable objects that lie in one 


mountains, &c: | | | a : | 
As alfo ſuch particular objects as open from one another, one, two, 
or three points or more, it will aſſiſt to correct thereby. _ 
4. If you can from a third ſtation take in like manner the bearing and 


you will from thence be able to detect if any error ſhould have been com- 
mitted; each ſtation ſhould be if poſſible in the bearing of two remark- 
able ſpots in one, what opening theſe make with one another at 3d ſtation, 


will determine. CD 5 


To take a Draft of a Coaſt in ſailing along Shore, 7 


JAVING brought the ſhip to the moſt convenient place from whence 
H the principal points of the Coaſt or Bay may be ſeen, either caſt 
anchor if it is convenient, or lie as ſteady as poſſible; or, if the coaſt is 
too ſhoal, let the obſervations and meaſures be done in a boat; then, while 


ſte veſſel is in a ſtationary ſituation, take with the azimuth compaſs, or 
ſextant, the bearings in degrees, &c. of ſuch points of the coaſt as form the | 


moſt material projections or hollows; write down theſe bearings, and 
make a rough ſketch of the coaſt, obſerving carefully to mark the points 
Whoſe bearings were taken with letters, for the ſake of reference. 

Ihen let the ſhip or boat run in a direct line along, which muſt be care- 
fully meaſured by the log, or otherwiſe, one, two, or three miles, more or 
leſs, until ſhe comes to a ſituation from whence the ſame points before 
obſerved can be ſeen again; there let the veſſel lie as in the foregoingſta- 
tion, and again obſerye the reſpective bearings and leading-marks where 
two points or bearings, as mountains, churches, trees and houſes, any two 
remarkable objects in one, in degrees, &c. of the ſame noted points, 


be allo taken from this ſtation, for which purpoſe prepare an obſervation 
table, in which write diſtinctly and regularly the teveral celeſtial obſerva- 
tions, bearings, diſtances, meaſured by the log- line, the rocks, ſhoals, 
 ſoundings, overfalls, races of tides, and other remarks that may be made 
along the coaſt; the table may conſiſt of ſeven or 8 columns diſpoſed in 
W:. 7 Ee « 
A Note 


line, for objects that are in leading marks, as houſes, churches, ſteeples, 


diſtance of your former two ſtations, and alſo of all the former objects, 


which are allo to be wrote down, and a rough ſketch of the coaſt ſhould | 
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Note. The ſextant will be found the readieſt and moſt corre inſtru» 


ment to take the angles, by being held in an horizontal poſition, by which: 
means any two objects not exceeding 120? may be brought into contact 
it will not be amiſs to take material points by the compaſs, and intermee 
cate ones by the ſextant or quadrant. | er Ol 
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While the veſſel is running the baſe line from ſtation to ſtation, an ae- 
curate appearance of the coalt ſhould be made, to do which let four expert 
perſons be appointed, one to take the bearing exactly with an azimutk 
compaſs ; one to overſee the running out of the log-line, and to keep an 
account of the ſhip's way, ſo as to be readily able to tell the diſtance run 


when required; the third to attend the heaving of the lead, to write down 


the ſoundings and bearings of one or two head points, or remarkable 
points of the coaſt, taking at each depth; the fourth a draftſman, to draw 
out the neceſſary bearings and diſtances, and delineate the figures and 
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in the ſketches, diſtipguiſhing rocks, cliffs, or high lands, low lands, ſand 


water on the full and change days, by 1 figures, and tell the riſe in 


a point, but rather reſcrve ſuch objects for the next meaſured. baſe line; 


either { ation, take che boat into thoſe 2 885 anc having well examined 


to the reſpective bearings taken at that end, and note it in the circle; 
mark the interſection of each pair of lines, dire cted to the ſame point with 
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windings of the coaſt at each/fſtation, and to correct their forms and di- 
mentions when the ſhip is failing along the land. Ihen let the ſeveral 
bearings be corrected by the variation to reduce them to their true poſi- 
tions; "then in ſome eonyenient part of a ſheet of paper, deſcribe a circle, 
the larger the better, on which lay off the ſeveral bearings taken from 
the firſt ſtation, and let them be numbered 1, 2, 3, &c. on the outſide 
of the circle; allo, lay down the ſeveral bearings taken at the 2d ſtation, 
let theſe be numbered with the ſame figures on the inſide of the circle. 
Draw a line to expreſs the ſhip” s run, both in length and courſe, and 
from the end of the line, expreſſing the firſt Ration, draw lines parallel 


the numbers annexed to their bearings ;' and through the interſection fo 

marked, draw by hand a curved line; obſerve to wave the line in and out, 

as near as can be like the bending of the coaſt itſelf. | 
Againſt each part draw the appearance of the elevated, or low ground, 


hills, &c. If there are any currents, or eddics, expreſs them in their 
proper places, by darts or arrows, the points being turned that way 
the currents ſet; put in the ſeveral ſoundings at low water, in ſmall 
figures, diſtinguiſhing whether fathoms, or feet; ſhew the time of high 


feet, put itt a compaſs, with a ſcale of miles or league, ſuch as the veſſcl's 
run was laid down by, add the name of the place, the coaſt, and the lati- 
tude and longituce, as true as can be obtained, | 

If there is a {hoal or ſand on the coaſt, let ie taken by a boat ſailing 


round it, and keeping an account of the courſes: diſtances and ſoundings, is 
to be put in the draft; the boat muſt, from ſome part of the ſand or ſhoa), aft 
take the bearings of two points on ine coat, where bearings have been vat 
taken from the ſhip, or the bearing of the boa t or ſome part "of the ſhoal, on 


or fome beacon in that place muſt be taken by the ſhip, at the ations 
where ſhe takes the bearings of the ſhore; for by either of theſe means 
one point of the ſand being obtained, the reſt of it can be laid down from 
the boat's account. . 
If the coaſt to be drawn is a bay or harbour winding in ſuch a manner, 
that all its parts cannot be ſeen at two ſtations ; let as many bales or 
lines be drawn and exactly meaſured, as may be found neceſſary, oblerv- 
ing that the ſeveral diſtances run ſhould join to one another, in the 
nature of a traverſe; that cach new ſet of objects, or points obſerved, 
ſhould be taken from two ſtations at the end of a known diſtance, and 
that the objects whoſe bearings are taken do not fo much extend beyond: 
the limits of the baſe, as to mak angles with it leſs than about + or 2 Ot | 


for when lines lie very obliquely to one another their interſections are 


not eaſily aſcertained. 
Thus may a coalt of any extent 8 ſurveyed, by carefully meaſuring 

of ftationary baſe lines, and from their ends drawing angles to each other. 
If any particular parts of the harbour cannot be conveniently ſeen from 
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annex theſe particular views in their proper places in the general draft. 


proper places, there ſhould be a double line drawn through that point, on 
one or more objects aſhore; and for this purpoſe chooſe a church, mill, 
| houſe, noted tree, a cliſt, or any remarkable thing that can be diſtin-tly 


two ſuch interſections cannot be obtained, it muſt be put down from the 


| MAKE an eye-· draft of the place to be ſurveyed ; and in going round its 


for diſtinction ſake, 


part of the diſtance of the two extreme objects marked for obſerving, and 
let the direction of the meaſured baſe line be ſo laid out, that from both 


> 
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them, make ſketches thereof, eſtimating the length and breadth of the 
ſeveral inlets, either by the rowing or ſailing of the boat; take as many 
bearings, ſoundings, and other notes as may be thought neceſſary; then 


If there are any dangerous ſands or rocks, beſides inſerting them in their 


ſeen at ſea, and which can be brought to bear in the ſame right line 
with the point to be avoided; but if that point is under water, there 
muſt be two land marks brought to bear with the danger, either in a 
right line, when it can be, or in two lines, and thoſe two lines, and 
thoſe land marks may be put down in their proper places, by their inter- 
ſection of two objects in one bearing, and two objects in another bear- 
ing; which will give the ſtation of the ſhip, and the diſtance and the 
bearing of the danger from that ſtation noted, when near or on it; but if 


two points on ſhore, in one with the computed diſtance therefrom, or 
from the interſection bearings of two ſingle points on ſhore. | 

It ſhould be remarked in the draft, what places, if any, are unfit for an- 
chorage, and what are fit, by writing rocky ground, foul anchorage, 
good anchorage z and in the latter, to draw the ſigure of an anchor. Alſo 
if there is any particular channel more convenient to fail through than 
another, it is to be pointed out by lines drawn to its entrance, from two 
or more noted marks on ſhore. Lt 3 85 85 

The foregoing method of ſurveying a coaſt ſuppoſes in general, that it 
is taken by a ſhip in her paſſage along, not having an opportunity of going 
aſhore.— But when circumſtances will permit the meaſures and obſer- 
vations to be made on land, the ſurvey can be more accurately taken than 
on the water. | | 


To Survey an Harbour by Obſervation Aſhore, 


coaſt, fix in the moſt remarkable points and bends of the ſhore ſtation. 
ſtaves, or ſtrait poles, tall enough to be ſeen at a conſiderable diſtance: but 
if at any of thoſe places there is a noted tree, houſe, or any other remark- 
able thing, that object may ſerve inſtead of a tation ſtaff; and it will be 
convenient to black the ſtaves, and tie a piece of white bunting to the top 
of each; then in the eye-draft put letters at the noted points, or marks, 


Chooſe the moſt level ſpot of ground, herein a baſe line may be mea- 


ured, of one or more half miles inlength, or a length of not leis than a tenth 


ends of it as many of the ſtation ſtaves before planted, or the objects before 
remarked, may be ſeen ; the bearing or poſition of this baſe mutt be deter- 
mined by degrees and minutes, and allo its lengtl mult be accurately mea» | 
lured to feet and parts, either by a meaſuring chain, or by a piece of log- 
line of 100 feet long, properly marked at tic end of every 10 feet. 
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From one end of the baſe obſerve, with any inſtrument proper to take 


bearings, the poſition or bearing in degrees and minutes, of all the ſtaves 


or objects within view, and write them down orderly; do the ſame from 


the end of the baſe, and let all the bearings be corrected by the variation 


of the compaſs. i, - | | 

Then theſe meaſures and corrected bearings being plotted or laid down, 
will give the moſt conſpicuous points on ſhore, the intermediate ſpaces 
are to be filled up from the ſketches of them made on the ſpot. | 


But if any ſuch objects ſhould ſpread on either hand, fo far from beyond 


the limits of the baſe, that at either end thereof, the other end and thoſe 
objects or ſtaves ſhould appear nearly in the ſame direction, or to make 
Ls of, not exceeding 10* : or, if ſome of the remarked objects can be 
ſeen only from one end of the baſe, then let the bearings of ſuch objects be 
taken from a place whoſe poſition has been determined from both ends of 
the meaſured baſe ; or, if there are ſeveral remarked objects which cannot 
be ſeen from neither end of the bale lines, let the bearings of ſuch objects 
be taken from each of the two points whoſe poſition has been taken from 
both ends of the baſe ; or it may on ſome occaſions be proper to chooſe 
another place on which another baſe of a convenient length may be mea- 
ſured, and from the extremities of which the ends of the firſt baſe may be 
ſeen, and alſo as many as can be of the remaining objects which lay too 
obliquely. for the firit baſe, or which could not be ſeen from it; in ſuch 


manner proceed until the bearings are taken of all the points judged ne- 


ceſſary for completing the ſurvey of the limits of the harbour. 

If a baſe line of a ſufficient length cannot be meaſured in one right line, 
it may be taken in two adjoining lines, as the two ſides of a triangle, the 
included angle being accurately taken, and the bearing of either line. 
When the outlines or limits of an harbour, bay, road, &c. are deline- 


ated by the preceding precepts, let a ſmall veſſel go out to ſea to take 


drawings of the appearance of the land, and its bearings, fail likewiſe into 


the harbour, and draw the appearance of its entrance, take particular notice 
if there are any falſe reſemblance of the entrance by which ſhips may be 
deceived and run into danger; or when any two objects being brought in 
2 line, or in one, will lead into the harbour without danger; when it can 
be done, ſearch for the beſt anchoring places, and if poſſible denote. thoſe 
places, by bringing two objects in one, if not the exact bearings of two 
or three other objects, ſo that the places may be eafily determined, 
the chart being correctly Crawn, a compaſs, with the variation, and ſcale 


properly fitted to the plan, the iſles, rocks, ſands, &c. marked in their 


proper places, with their ſoundings at low water, and the winds open to 


them, the beſt track with the ſoundings all the way to thoſe anchoring 


* 


* 


places, the proper failing marks to avoid dangers; the winds, if any trou- 
bleſome ones, which prevail, and at wnat ſeaſons; the places where freſh 
water can be got, the name of the place, the country in, on what ſea, the 
Jatitude and longitude, a ſketch of the appearance the place makes at 


fea upon a known rhumb, and at an eſtimated diſtance, and whatever elſe 


a judicious ſeaman ſhall think proper to inſert; then is the plan fit for all 


_ nautical purpoſes, and may be embelliſhed with proper colours, if neceflary. 


=” Sea- 


8 
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Sea drawings, s, taken according to the foregoing precepts, beſides 


the real uſe they are of, cannot fail to recommend the young mariner, 


u ho ſurveys and conſtructs them, to the notice of his duperiors. 


To A a Draft 40 4 l Scale. 


ITH a black lead pencil draw the draft to be reduced all over 
with croſs lines, forming exact ſquares, draw the clean paper 
ſor the copy all over with the "fame number of ſquares, but their 


ſides larger or ſmaller in proportion to the intended ſize of the ſcale, 
ſuch as 2, 2, &c. length of the other, diſtinguiſh by a ſtronger mark, 
_ with a figure every fifth or ſixth row of ſquares in both, fo that the 
ſeveral correſponding ſquares may be readily perceived; then, in each 


of the ſquares of the draft, draw, by the eye, a curve on the paper, 
imilar to that in the ſquare of your copying draft, till the whole is 
copied; make the black lines with India or other ink, and when drawn, 
tie black-lead lines may be rubbed out with bread or India rubber. 
[ here give two Examples, as an elucidation of what has laſt been 


laid, 
E XA M PLE 1 
AB is the Baſe Line, equal to 4 Mile. 
GEN. 11- | | AG= =N. k. by N. 11 
BEC=N.:25- WW, 47: ACN. 


BD N. TT W. b Station at B, 4 AD=S. by W. ot, Statiþn at 


BE=W. SW. with Bearings, AE =S. W. by W.4 7 3 _ 
Bil . W.bys. W. 7 AHS. W. 5 ige 
By S8. 6) e 


Theſe inſtruments give the points GCDE HF. in order from each 
ſtation; that is, BG and AG interſects, as allo BC and AC, &c. 

Obſerve, the latt letter muſt be the ſanie in both bearings, and it 
will be the beſt to follow the bearings one way all round the compaſs 
hom the firſt {tation 3 as alſo when arrived at the ſecond ſtation, be- 
ein with your firſt object ſeen at firſt ſtation, and follow the letters 
found belonging to each object, by which the laſt letter in each bear- 
ing will ſucce ſſively follow in order. 5 

This is an example when on board ſhip, bue in the following © 


EXAM Pl. $I 
T his bar was ſurveyed by baſe lines taken on ſhore, which, 
when it can be done, is far preferable. 
The baſe line AB 812 fathoms was taken, a8 by directions on the 
moſt 3 on ſhore; now, beginning from the point A: 


AB 2 by 8. 4 8.) SB 8. S. W. 
A0 W. by N. | Bearings GC=W. y $8; : : 
ED W.N-W. 2 N. (from Sta- GO W. i N. | Bearings from 
N. N. W. W. P tion a. GEW. N. W. N. [ Station G. 

41 SN. oy W. 2 W. GFN. l -N, 
AG=N. N. E. 812 fathom | 

Bearings from Station F. \ Bear! ings from Station K. 
W FHN. W. by N. N. in one, KF 8. W. 1 W. 

FF KHW. 25. 

FRN. E. 2. 77⁸ fathom, | 5 W. N. 

1 ==N: byW. s 42 W. 
Ne N. r E. - 
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272 E MANNER OF SURVEYING, &c. 


Through the interſections of the bearing draw the configuration of 
the land, as before directed, and finiſh the drawing by the inſtructions 


there given, which, if well heeded, no difficulty will materially occur, Dr 
5 „ 5 EE : | PO. fro 
To find the Height and Diſtances of Objects at Sea. Bs 
\ \ THEN the object is perpendicular, and the diſtance to it can = 


| be meaſured, find the angle of latitude with a quadrant, and req 
mealure the diſtance to it as e as poſſible, and then you have the 
s and baſe, to find the perpendicular; or, if you go backward or 
forward until the angle of altitude be 455, the diſtance between you 
and the object will be the perpendicular height, _ „„ 


T7 ESS4AMPLE 1 
Being 69 fathoms from the bottom of a tower, I find its altitude, | 
after allowing for the height of my eye, above the water 50* 10, il 5, 
Required the height ? % og | 


-— 


Draw AB=96, upon B ere& the perpendicular BC, and draw 2s 
AC, making an angle with AB=15? 10' till it cuts BC in C, then 55 


will BC be the height of the tower | | = 
| | AS mMmous  - IO. ooo wo 
Is to the diſtance 96 1.98227 5 
2 | 5 ! 1 be e 

So is tang. ang. A. 1510 9.43308 


To the height BC 26.2 | 1.41535 


—_ |.  BXAMPLE n 


1 Being at fea, I obſerved the altitude of a mountain, and found it 
209), and then tailing from it in a direct line four miles, I found the 
altitude of the mountain to be 145, dip and refraction allowed for: 

I require the perpendicular height? „ . 


n * 


1W 
en 


] it 
the 
ol. 


N. 


CURVATURE OF THE EARTH. os 
CONSTRUCTION. | LA=Ibo® | 
1 1 3 | „ | 
Draw the horizontal line DC. sum 174? which taken from 180“ gives 
On any pcint A make the . BAC, the . DBA =. Ihen it will be 
from A let off 4 1 D, 3 - rota As fine Z DBA=6?. 9.01023 
the Z. B Cg 14“, and from where the line 25 be — _ 
DB cuts the line AB as at B, let fall the - ; ag m_ 14 a Cy 
perpendicular BC on the baſe DC, and DC] CA. * — 3 
meaſured will be the perpendicular height! 0 . 9.98574 
required. | N . ä | | 9.01923 
A — 96651 
Then A ABC given AB= 9.253 and 
C. A find BC. | =» 
Radius 10. ooo 
9K, AB 9.258 0.96651 
2 2 Sine 20 9.63405 
| : BC = 3.166 0. 50056 


So that the height vf the mountain is 3 miles . = I furlonsꝛ 13 


poles, &c. LL 
Nor E. In finding the Z. DAB ſee Prob. 5th in Geometry. 


Of theC urvature of the Earth. 


Mos perſons know that if they are raiſed above the ſurface of 


the adjacent land or water, they can not only ſce different objects 


| that lie on that ſurface better, but alſo ſee thoſe more and more re- 


mote'as they advance higher. The irregularity of the ſurface of the 


land will not be ſubjected to any one rule that will give the diſtance . 


to which objects may be ſeen at different elevations; but at ſea, 
where there is generally an uniform curvature of the water, upon 
the ſuppoſition of the ſpherical form of the earth, thoſe diſtances may 
be eaſily computed, | „ | | 
„„ 2 T1 5 
To the earth's ſemidiameter add the height of the eye, multiply 
tne ſum by the height, then the ſquare root of the product is the diſ- 


tance at which an object on the ſurface of the water can be ſeen by 


an eye ſo elevated; and by this rule was table XXIII. computed, the 
diameter of the earth being taken at 41798117 feet, according to Sir 
Iſaac Newton's meaſures. This table may be uſefully applied to eſti- 
mate the diſtance of an object at ſea, the elevation of that object above 
its horizon being known. on 


| | „ T1 

Sailing towards a head-land, on which is a light-houſe elevated 
boo feet above the ſurface of the water, we ſaw the lights at night juſt 
appear in the horizon, how far were we at that time diſtant from 
that light- houſe. _ e „„ | 
| Look in table XXIII. for 600 feet in the column marked height 
in feet, and right againſt it, in the column marked diſtance in miles, 


| 3 29.994. So that the diftance may be reckoned about 30 miles. 


co ER. EXAMPLE 


— -! H IS —ͤ—„— — WP — 


. | ' CURRENT SAILING. 


EXAMPLE II. 


Being in company with ſome merchants walking on a {andy ſhore, 


on the look-out for a veſſel which was expected, "whoſe top- gallant 


maſt was 140 feet above the ſurface, allowance bei ng made for her 
immerſion in the water, we obſerved through the teleſcope a ſhip's 


vane juſt appearing in the horizon. How far off is that hip, ſup- 


poſing it the veſle! expected! Anſwer, againſt 140 feet, the height, 


ſtands 14.488, that is her diſtance ; here is no allowance made for 


the height of the eye above the horizon ; but it is obvious, that the 


higher the eye, the farther it can ſee: now as objects are ſeen in a 
ſtraight line, and that line is a targent to the earth's ſurface, there- 
fore it follows, that to find the diſtance gf two elevated object, 
when the right line joining them touches the ſurface OO earth, 
between thoſe objects look for the diſtance anſwering h height, 


and their ſum is the diſtance required. . 


Thus, in the ſecond example, ſuppoſe the eye 14iſed'ſix feet above 
the water's edge, it can ſee an a r on the ſurface 2.999, or 3 
miles off, This dift ance added to 142 miles, makes the diſtance of 
the ſhip to be 174 miles. | 


EXAMPL E III. | 
A man being on the main-top-gallant maſt of a man of war 200 
feet above the water, ſces an 100 gun ſhip ſhe had engaged the day 
before hull-to, how far were thoſe ſhips diſtant from one another ? 
A ſhip of 100 guns, or a firſt-rate man of war, is above 60 feet 


from the keel to the rails, from which deduct about 20, leaves 40 for 


the height of her quarter above water. Now a ſhip is en to bull: to 
When her upper works juſt appear. | 
= Then 200 feet high gives 17.316 miles. 

And againſt 40 ſtands 7 


25. 060 miles is her diſtance. 


CURRENT SAILING. 


URRENTS are certain ſettings of the ſtreams, by means of 
which all bodies moving therein are compelled to alter theit 


courſe and ſubmit to the motion impreſſed upon them by it; whence, 


if a current ſets with the courſe of a ſhip, it aan her motion 


by as much as the drift or rate of driving it. 


Thus, if a ſhip ſails N. N. E. 20 miles, in a current that ſet 
N. N. E. 8 miles, in the fame time her true courſe will be N. N. E. 
28 miles in that time; 5 but if a current ſets againſt a ſhip, it leſ- 
tens her velocity by juſt as much as the current's drift is. 

So that if the 4up tails N. E. 49 miles, in a current that ſets 8. W. 


10 miles in that time, then her true courſe will be N. E. 39 miles; 


and if in the ſame time that the ſhip ſails N. E. 49 miles in a current 
that ſets 8. W. 59 miles, then the ſhip will fall a- ſtern, and her true 
courſe Will be S. W. 10 miles; ; but if the ſhip thwarts the current, 
it not only leſſens or augments her velocity, but gives her a new 


motion, compounded of that of the ſip and cunts” that is, 


8 


certain ſpace of time, the ) 


find the ſetting and drift is thus: 


then heave the log, and the number of knots run out in half a minute 
will give the miles which the current runs per hour, and ws bearing 


CURRENT SAILING 7 —” 275 


1 600 be azitated 
by two motions at the 
{ame time, the one with 
a certain .velocity that 
will carry it according ro 
the direction of the line 
AB, the length AB in a 


other according to the direction of the has AD, with a velocity that 
will carry it to the diftance AD in the ſame time, then the body will 
deſcribe the diagonal AC, and at the-end,of that time will be ee 
in the point C. — 

The ſetting and drifts of the moſt remarkable tides and currents 
are pretty well known, but if in unknown currents, the uſual way to 


Let three or four men take a boat a little way "I the ſhip, and 
by a rope faſtened to the boat's ſtern; let down an heavy iron pot, or 
loaded kettle, into the ſea, to the depth of 85 or 100 fathoms when 
it can be, whereby the boat will ride almoſt as ſteady as at anchor, 


of the log hes the ſetting of the current. 0 


EXAMPLE LC 
If a ip fails 98 miles N. E. by N. in a current that ſets S. by W. 


27 7 miles i in the ſame time, vv Hat is her true courſe ans diner? ? 


CALCULA®. 


The oppoſite point to S. by W. is N. by E. which taken from 


| CURRENT SAILING, © 


CALCULATION. 


N. E. by N. leaves 2 points = 22® 30“ between them for the < C, 


being thus given in the A A CB together with the two ſides in- 
_ "cludingit AC, C B to find <* . and A B C, and diftance AB 
by Axiom III. : 


987 12 
+ Bd 
Ditt. 71 


4 


As ſum of the ſides 225; = 2.09691 | 
Is to their difference Axe. 1. 85120 
So is 5 tang. 2 2 lum. opp. <* Og 45 170 134 
| = 12.558260 
. | Th 09691 


To tang. I 2 their difference 70 e 70.42. . 20.45569 


<B= 140 27 
| „„ 1 
By Un > on 
| N Sum <* e 
| : To find the t by Axiom J. 
3 As fine <A 89g = 9 | 
; | | | Is to ca 5 27 | I 431 * a | 
= | Seo is ſine: C 229 ” | 9.58484 
i 2 
| 9.14624 
þ To diſtance AB 93.78 1.86796 


- 
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EXAMPLE H 


If a ſhip from the latitude 38 40 ſails N. N. E. 40, PO N. N. E. 
by E. 36 miles, in a current that ſets S. E. by 8. 20 miles, in the 
ſame time that the ſhip ſails 40 miles; I demand the diſtance from 

ber 12 place, and alſo the latitude the ſhip is in? 


E. 
the 
m 


CURRENT SAILING _. © a 


CONSTRUCTION. 


Having drawn the compaſs, draw the N. N. E. courſe equal to 
49 miles, to the end of which join the N. E. by E. line, and ſet off 


thereon 36 from the ſame ſcale, from the end of the laſt N. E. by E. 


line ſet off the diſtance the current's drift, viz. S. E. by S. 38 miles, 


that is, as 40 the ſtern of the ſhip is to 20 the run of the current, ſo is 


7b the whole run of the ſhip to 38 the drift of the current, then to the 


end of that line to the ſhip's firſt place, will be the diſtance, and 
the & being meaſured will be the ſhip's courſe, and a line let fall 


from this laſt point on the parallel of the ſhip's firſt place, will give 


on that parallel the departure from her firſt meridian. = 
This may be done by calculation, but that being tedious we ſhall 


omit it, and ſhew how'it may be done by a traverſe, in which we 


(hall conſider the current as a ſingle. courſe, 


— as * 


n 


— 8 


[Courſes Miles. Northing. Southing. Eaſting. Weſting. 


4 


N. N. E. 40] 37.0 5 ; 
N.E.byE. 300 20.0 a 29.9 * 
S.E.byS. 38 | 31.6 21-3 ©7 
| 57-0 | 31.6 | 66.3 
| 31.6 — —— | 
25:4 5 1 
: 25 | | | - 
As diff. lat. , 25.4 : = 1.40483 
Is to radius | 10.00000: 
So is departure 65 66.3 | 1.82151 
To tang courſe 699 3. from N. Eaſterly N EY 
or nearly E. MESSE © ; 10.41608 I 
As fine courſe of 69? J 5 9.97030 
: Is to ce. | 02 1.82151 
So is radius WY | 10 | 
To diſtance 70 miles. „ 1.85121 


Many more queſtions might be added, but theſe, being well underſtood, 
are ſufficient for the ſeaman's purpoſe ; and that the fludent ſhall not 
mect with any thing unneceſſary which might lead him out of the plain 
path, I have avoided thoſe things which tend to puzzle more than im- 
„ . =: a | 
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ARA 24 Standing liffts 


256 Braces and pendapts | 


EXPLANATION of the PLATE delt Meg ks « RIGGING, & 


of a FISSE RATE SHIP :of WAR, 


/ 1 3 


2 Yard and fail 
3 Gammoning 

4 Horſe | 

5 Bobſtay ' 

6 Spritſail ſheets 

7 Pendants | 

$ Braces and N c 
- 9 Halyards 


10 Lifftts | | 


11 Clewlines 
12 Spritſail horſes 
13 Buntlines 


15 Spritſail tops 


6 Flying jibboom 

17 Flying jib, ſtay, and an, 
3 18 
1759 Sheets 


Halyards 
20 Horſes 


218PRIT- xs hemna) 


22 Shrouds 

23 Yard and ſail 
24 Sheets 

25 Liffts 


27 Cap _- f 
28 Jack-ftaff 7 4 


© hs - Truck 


o Jack-flag 
, 1 FORE-MAST 
432 Runner and tackle 
33 Shrouds 
34 Lanyards 


225 55 2 925 Stay and lanyard 


——ũ—— — — 
- 


3 3 Pre venter ſtay and lanyard 
597 Woolding the maſt 
8 Yard and fail _ 


| 90 


66 Sheets 

67 Buntlines 
68 Croſstrees 
69 Cap 

70 FORETOP GAL. MAST 
71 Shrouds and lanyards 
72 Yard and fail 
73 Backftays * 
74 Stay 
75 Liffts 

76 Clewlines 
77 Braces and pendants 


— % 


E 


78 Bowlines and bridles 


79 Flag- ſtaff 

80 Truck 

81 Flag- ſtaff ſtay 

82 Flag Lord High-Admiral 
83 MAIN-MAST T | 
8; Shrouds 

$5 Lanyards 

$6 Runner and tackle 

87 PendantoSthe gornet 
88 Guy of ditto 

89 Fall of ditto 

Stay 

91 Preventer ftay 

92 Stay-tackle 

93 Woolding the maſt 

94- Jeers 

95 Yard tackles 


„ 


96 Liffts 


97 Braces and pendants 
98 Horſes 
g9 Sheets 
Too Tacks 
1% Bowlines and bridles 
to Crowfoot | : 
103 Top- rope 
104 Top n 
To; Puntlines © 3 
ros Leechlines : 
15 Yard and ſail a 

S$ MAIN TOP-MAST 
7 0 Shrouds and lanyard 


2 5 hv — IEF tg 
6 Sheets . 
pet Fore tacks. 
48 Bowlines and bridles 
40 Fore buntlines 
5% Fore leechlines 
Fore top- rope 
51 Puttock ſhrouds 
35 FORE TOP-MAST 
+ Shrouds and lanyards 
85 Yard and ſail 
6 Stay and ſail 
Runner 
& Backftays 4s 
9 Halyards, . 
d Lift 
9 Lessing. 
62 Horſes _ 23 
' 64 Clewlines © 6; 
ns eee brigles, 


110. Yard and fail 

111 Puttock ſhrouds 

112 Backſtays 

113 Stay : | 
114 Stayf2il & ſtay & nee 
115 Runners 


116 Balyards 


117 Liffts 

118 Clewlines 

119 Braces and pendants 
120 Horſes 


{121 Sheets SOM Anz 
122 Bowlines and bridles — —8 


123 Buntlines 
124 Reef-tackles 
125 Cralgtrees” 
126 Caps 
127 MA 


Wo. 


_ fs 2 


65 Neef eckles e 


1 h 
A Cat-head _ 

>, B Fore channels 

Main channels 

D Mizer channel! 

I Entering-port 

IF Hauſe-holes ; 

8 Poop lanthorns 25 

H Chetarroes: .” 


129. 


132 
137 
134. 


42735 


126 


1237 
4138 | 
139 Flag-ſtaff ſtay 


140 
141 


178 
179 


MA OP: Gauer | 
2 as Surouds — — 


* we 


8 and ſ il 


139 Backſtays- 
131 50 


Stay 

Stayſail and ae 
Liffts 

Braces and pendants 
Bowlines and bridles 
Clewlines 

Flag- ſtaff 

Truck 


Flag ſtandard 
MIZEN MAS T 
Shrouds and lanyards 
Pendants and burtons 
Yard and ſail 
Crowfoot 


) Sheet 


Pendant lines 
Pee kbrails 
Stayſail 
Stay 


Derrick and ſpann 


Top 


Croſs- jack yard 


Croſs jack lifts 
Croſs- jack braces 
Croſs-jeck ſlings 
MIZEN T OP-MAS! 
Shrouds and lanyards 
Jad 2 fail 


Stay 


Halyards 


ts 0 
Braces and pendant 
Bowli nes and e 
Sheets 

Clewlines 
Stayſail 

Croſstrees 

Cap a 

Flag- ſtaff 

F 17 ſtaff ſtay 


Truck 


Flag union 
Enfign ſtaſſ 


6 Truck: 1 


Enſi gn 
Poop adder. 
Bower cable 


HULL 


dy 


ts 
les 


rds 
tons 


ant 


idles 
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FT 3 the following may be ras uſeleſs to Songs] it may not be to maky 


T-achers and Learaers, as there are excellent Mathematicians who, on ac- 
count of their being far di via from any dane ae are at a 2 i for the Terms 
made 18 of at Sea. 


* 


AN EXPLANATION | OF SEA TERMS. 


AFT, or Abaft. The fternmoſt part of the ſhip : carry aft any things 


that 1s, carry towards the ſtern, The maſt rakes aft, that 1s, hangs to- 
wards the ſtern. How chear ye fore and att ? That 1 is, how fares all the 
ſhip's company! ? 

Amain, "The old term for yield, uſed by men of war to an enemy; but 
it now n; any thing done e or at once, > a number of 
men. | 

Alift. Over head, or above. 

drchor. The inſtrument by which a ſhip is held. The clan elit; 
that is, the cable is got about the fluke of the anchor. The anchor is 
a peek : that is, directly under the hawſe-hole of the ſhip. The anchor 
is a cock bill, that is, hangs up and down the ſhip's ſide. 

Awning. A ſhelter or ſcreen of canvas, ſpread over the decks of a ſhip to 
keep off the heat of the ſun. Spread the awning, extend it ſo as to cover 
the deck. Furl the awning, that is, roll it up. 

Aluf, is diſtance. Keep aloof, that is, keep at a diſtance. | 

vat, A term ufed for "=P or ſtay; as, avaſt Og; don't beer, 
more. 

Athwart, Acroſs: 

Bale. Bale the boat; that is, to lade or throw the water out of her. | 

Ballet, is either pigs of i iron, ſtones, or gravel, which laſt is called * | 
ballaſt ; and their uſe is to bring the ſhip down to her bearings in the 
water, which her proviſions and ſtores will not do. Trim the ballaſt, 
that is, ſpread it about, and lay it even, The ballaſt ſhoots, that: * 
it ſhifts, or runs over from one fide of the hold to the other. 

Barge, A carvel-built boat, that rows with ten or twelve oars. | 

Bearing, ſignifies the point of the compaſs which any two or more places 
bear from each other, or how any place bears from the ſhip by the cot 


paſs; or it may be ſaid to bear on the beam, abaft the beam, on the — 8 1 


the head or ſtern, &c. , I 
bearings of a ſhip, is that line which i is formed by the water upon Her ſides 2 
when ſhe is at anchor, with her proportion of ballaſt, and ſtores on board. 
To bear to, is to ſail into an harbour, &, Bear round up; that is, put 
her right before the wind. Bring your guns to bear, is to point them 
to the object. 
L-aring-up, or Bearing-away. The act of changing the courſe of a ſhip, 
ia order to make her run before the wind, after ſhe had failed ſome time 
with a fide wind, or cloſe hauled : it is generally performed to arrive at 
ſome port under the lee, or to avoid ſome imminent danyer occaſioned” 
by a violent ſtorm, leak, or enemy in fight. This phraſe, which is ab- 
ſurd enough, ſcems to have been derived from the motion of the helm 
by which this effect is produced; as the helm is then borne up to the 
windward or weather fide of the ſhip. Otherwiſe it is a direct contra» 
diftion in terms, to ſay that a ſhip bears up, when ſhe goes before the 
wind; ſince the Current of the wind as well as that of a river is always 
Nn . e ander- 
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Bonnet of a fail. Is an additional piece of canvas put to the ſail in mode- 


them down, that they may not be waſhed off. 
| Buoy. A floating conical caſk, moored upon ſhoals, to ſhew where tle 


Braces. The ropes by which the Fara are turned about to form the. ſatl 


EXPLANATION oF SEA TERMS, | 


and to 8 the ſituation of objects or places within its 
limits. In the firſt ſenſe we ſay, up to windward and dowu to leeward; 
as in the latter we ſay, up or down the river. This expreſſion, however, 
although extremely improper, is commonly adopted in the general in- 
ſtructions of eur navy, printed by authority, inſtead of donning down, 
or bearing away. 
228. 1 To make faſt any ms rope; as belay them main brace, or make 
it fa 
Bend, To apply to, and faſten ; as, bend the ſails, ply them to the yards, 
and faſten them; unbend the ſails, that is, caſt them off, and take them 
from the yards ; her fails are unbent, ſhe has none fixed; bend the cable, 


make it faſt to the anchor. 


Birth, A place; as the ſhip's birth, the place where ſhe is moored; an 


officer's birth, his place in the ſhip to eat or fleep in; birth the ſhip! $ 
company, that i is, allot them their places to meſs in; birth the hammocks, 


point out where each man's hammock is to hang. 
Bight of » rope. Any part between the two ends. Bight, a narrow inlet | 


of the fea. 


Bilge. To break. The ſhip is bilged, that i is, her planks are broken in by 


violence. 
Binnacle, A kind of box to contain the complies in upon deck. 


Bitis. Very large pieces of timber in the fore part of a ſhip, round which 
the cables are faſtened when the ſhip is at anchor. After bitts, a ſmaller 
Jim of bitts apon the quarter deck, for belaying the inning. rig- 


ing fo. 


rate weather to hold more wind, Lace on the bonnet, that 1 1s, faſten it 
to the ſail. Shake off the bonnet, take it off. | 

Board. To board a ſhip, is to enter it in an hoſtile manner by force. 

Board and Board, is when two ſhips touch esch other. To make a2 
board, 1s making a ſtretch upon any tack, when a ſhip is working upon 
a wind. To board it up, that is, to turn to windward. The ſhip has 
made a ſtern- board, that 1 is, when ſhe loſes ground in working upon! 
wind, 

Break. bulk, To open the hold and take goods thereout. | 

Batten. A thin piece of wood, Batten down the hatches, is to o lay bat- 

tens upon the tarpaulins, which are over the hatches in bad weather, nail 


danger is; alſo uſed to anchors to thew where they lie, in caſe of theca- 


ble breaking. | 5 3 
Blick. A piece of wood with running ſheaves or wheels in it, through Ml c,, 


which the running rigging is paſſed, to add to the purchaſe. 


to the wind. 
Bowwſprit, A large maſt or piece of timber which ſtands out from the bons 7 


of a ſhip. | | N tb 
Bulk bead. A partition. | Dies 
Bult-rope, The rope which goes wound a fail, and to which the canvas i 5 
ſewed. Doo. 
Bono lines. Lines 3 faſt to the ſides of the fails to haul thi forward 9 
when upon a wind, which being hauled tort, enables the ſhip to coe þ, 
nearer to the wind, | | 
5 | | = 8 Bait lau. 
= | 


EXPLANATION oF SEA TERMS. © 


e Lines Hin come down from the top of the maſt to the beam of 
; the outſide of the ſail, and uy which the bunt or belly of the ſail is hauled 
, up outwards. = 
» Broach-t1, Is when a ſhip on a ſudden lays her broadſide to the ſea, and 
„ is dangerous in bad weather. 
| Chace, Ap purſuit. To chace, to purſue. The chace, the veſſel purſued, 
e Carening. To bring a ſhip down on one fide, ſo as to get at the other 
| ſide to repair or clean it. | 
8, Caulling. Filling the ſeams of a ſhip with N 
m Cu. To direct. To cun a ſhip, is to o direct the man at the helm how t to 


C . 
Cruſe. The point of the compaſs upon which the ſhip ſails, Courſes, a 


an ſhip's lower fails; as the fore-ſail is the fore courſe, the main-ſail the 
J's main courſe, &c. The ſhip is under her courles, that i is, has no ſail ſet 
8, but the main- ſail, fore-ſail, and mizen. . 
Coxſwain. The perſon who ſteers the boat. 
let Cone no near, Is ſaid by the man at the cun when the ſhip is pon a wich, 
| and is coming too near the wind, 
by Chains, A place built on the ſides of the ſhip projecting out, and at which 


the ſhrouds are faſtened, for the purpoſe of giving them a greater angle 
than they could have if faſtened to the ſhip's fide, and of courſe giving 


ich them greater power to ſecure the maſt, | 
ller Chain. plates, are plates of iron faſtened to the ſhi p's 8405 ay the chains, 
[1g- and to theſe plates the dead eyes are faſtened by other plates. 


Capſtan. An id{trument by which the anchor is weighed out of the ground, 
it being a g rgat mechanical power, and is uſed for ſetting up the Throws, 
and other work where great purchaſts are required. 

Cal. head. The timbers on ſhips-bows, with ſheaves in them, by which 


ſhip's fide, 
Capſſe. Overturn, The boat capſiſed, that i is, orerſet. Copſiſe the _ 
of rope, that is, turn it over, | 
Call, A filver pipe uſed.by the boatſwain and his mates: when on duty. 
Clew, To haul up the ſails by the clew-lines, 
Clæcu. lines, are ropes which come down from the maſt to the lowed corners 
ot the fails, and by which the corners or clews of the ſails are hauled 


ol 5 


by means of the piece of wood through which they paſs, and being 
hauled taut upon the-ſtays, they prevent the foot of the top-ſails catch- 
ing upon the top rim; they are alſo uſed to ſuſpend the awnings. | 

Crank, The ſhip is erank, that is, ſhe has not a ſufficient cargo or ballaſt 
to render her capable of bearing ſail, without being expoſed to rhe dan- 
ger of overſetting. 

Dead-wvater, I he eddie water at the ſtern of a ſhip. 

Douce. To ſtrike or haul down; as, douce the top-gallant ſails, that 18, 


lower them. Fg 
: Dunnage, A quantity of looſe wood, &c. laid at the bottom of a tip, 0 
vas! keep the goods from being damaged. 5 
1 Dog-vane. A ſmall vane with feathers and cork, and placed on the ſhip's 
orwa'c porn for the men at the cun and helm, to ſee the courle of the wind 
0 Coins by. 


N n SY „ : 5 a 


the anchor is nen from the hawſe, and to which it is ſecured to the 


Criaw- foot, is a number of ſmall * ſpread from tha fore parts of the tops, 5 
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Dog. watch, 7 he watches from four to 5 and from fx to eight in the 
evening. EY 

Diſpart. A piece of onde to find the difference of the diameters be. 
twixt the breach and the mouth of the cannon. 


Dead lights. A kind of window ſhutter for the windows i in the ſtern of a 


ſhip, uſed in very bad weather only. 


Dead wind. The wind right againſt the ſhip, or blowing from the very 


point to which ſhe wants to go. 


Dead eyes, Blocks of w ood through which the lanyards of the ſhrouds 


are reeved. 
Driver. A large ſail ſet upon the mizen yards in light winds. 
Drive. The ſhip drives, that is, her anchor comes t“ rough the ground, 


Down hall. The rope by which any iail is hauled down; as the jibb down 


haul. 


Enſign. The flag worn at the ſtern of a ſhip. 


Engagement. Action or fight | 
Entering port. A large port in the ſides of three-deckers leading into the 
ee deck, to fave the trouble of going up the ſhip's fide to get on 
oar 
End for end, A term ot when a rope runs all out a block, and is Unsere 
or in coming to an anchor, if the ſtoppers are not well put on, and the 
cable runs all out, it is ſaid to have gone out end for end. 
Elbow, in the 2 Is when a ſhip being moored, has gone round npon 
the ſhifting of the tides, twice the wrong way, ſo as to lay the cables one 
over the other: having gone once wrong, ſhe makes a croſs in the hawle, 
and going three times wrong, ſhe makes a round turn. 


Fathom, A meaſure of fix feet. 


Fach, or Fade. One circle of any rope or cable quoiled. 

Furl the fail, Wrap it up cloſe, and bind it upon the yard. 

Fi/5. A large piece of wood. Fiſh the maſt, apply a large piece of wool 
to it to ſtrengthen it. | 

Flag. A general name for colours worn and uſed by ſhips of war, 

Fall off. To fall to leeward, or a-ſtern, : | 

Foreward, Jo the fore part of the ſhip, 

Forecaſtle, "The upper deck in the fore part of the ſhip, 

Freſben the Ballaſt. Divide or ſeparate it. 


Fid, A ſquare bar of wood or iron, with ſhoulders at one Ty it is uſed | 


to ſupport the weight of the top- maſt, when erected at the head of a 
lower-maſt, 

Fid for ſplicing. A large piece of wand of a conical figure, uſed to extend 
the ſtrands and layers of cables in ſplicing, 
Forereach, To ſhoot a-head, or go paſt another veſſel, . 

Fißbe- hot. A large hook by which the anchor is received from under th! 
hawſe, and brought to the cat-head : and the tackle which is uſed for 
this purpoſe is called the fiſh-tackle, | 

Gage of the ſhip. Her depth of water, or what water ſhe draws, 1 

Greave, lo burn off the filth from her bottom. 

Gripe of a ſhip, That thin part of her which is und-r counter; and to 
which the ſtern-poſt joins, The ſhip gripes, that is, turns he: head too 
much to the wind. 


Ground. tier. That is, the tier of water-caſks which is loweſt in the hold, 


and is among the ſhingle ballaſt. 
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Cround-tackle, Ts cables, anchors, grapenels, hawſers, &c. 


Grappling-iron. A thing in the nature of an anchor, with four or fix flukes 


to it; 


| Gammon the bowprit. Secure it by turns of a rong rope paſſed round it, 


and into the catwater, to prevent it from having roo much motion. 
Girt, The ſhip is girt with her cables when ſhe is too tight moored. 


Cun. rm. A diviſion of the lower-deck abaſt, incloſed with net-work, for 


the uſe of the gunner and junior. -lieutenant, and in which their cabins 


ſtand. 
Cunnel. The large timber that runs along upon the upper part of a ſhip's 
fide, 


Caſtet. The rope which 1 1s paſſed round the ſail to bind it to the yard 


when it is furled. 

Crunmet. A piece of rope laid into a circular form, 5 uſed for large 
boats, oars 1oſtead of rowlocks, and alſo for many other purpoſes. | 

Helm. he inſtrument by which the ſhip is ſteered, and incheces both the 
wheel and the. tiller, as one general term. 

Helms a-lee, That is, the tiller i 1s quite down to bes 

Hard: a-weather. Put the tiller quite up to windward. 


Haul. Pull. 


25 the capſtan. That i is, turn it round with the bars. 


Heawe handſomely,  Heave gently or leiſurely. 
Have hearty. Heave ſtrong and quick. 
Heave of the ſea, is the power that the ſwell of the ſea has upon a ſhip in 


driving her out, or faſter on, in hey courſe, and for which allowance is 


made 1n the day” s work, 
Hail. To call to another ſhip. 


Halzards, The ropes by which the fails are hoiſted, as the topſail 1 | 


yards, the jibb halyards, &c. 

Hawye-holes. The holes in the bows of the ſhip through which the cables 
paſs. Freſher hawſe, veer out more cable. Clap a ſervice in the hawſe, 
put ſomewhat round the cable at the hawſe-hole to prevent its chafing. 
To clear hawſe, is to untwiſt the cables where a ſhip is moored, and has 
got a toul hawſe. Athwart hawſe is to > be acrols or before another ſhip's 
head. | 

Hawſer. A ſmall kind of cable. 1 5 

Hitch, To make faſt. = ; 

Hoiſt. To hawl, ſway, or lift up. | | 


Heel, or 90 She heels to port, that is, inclines or lays down upon 


ter larboard or left ſide. 


Hd, is the ſpace between the lower deck and the 8 of a ſhip, and 
where her {tores, &c. lie. To ſtow the hold, is to place the things in it. 


Hull of the ſhip. The body of it. To lay a hull, is to lay to, with only 

; a ſmall fail in a gale of wind. HO hull a veſlel, 1s to fire a ſhot into any 
part of her hull. 

Hill. doaun, is when a ſhip. is ſo far off, that you can only ſee her maſts. 

Hulk, A ſhip without maſts or rigging ; alſoa veſſel to remove malts into 
5 of ſhips by means of ſheers, from whence they are called ſheer 
Wks, 

ſeer-blicks. * The blocks through which jeers are drove. 

Jer. "The ropes by which the lower e are ſuſpended. 


folly. boar, A ſmal!l boat. | 
Jibb. 
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Jibb. The foremott fail of a ſhip, ſet opon a boom which : runs out from 


the bowſprit. 
-Fiob-boom. A ſpar that runs out upon the N 
Funk. Old cable, or old rope. | 
Knat, ſigniſies a mile. 


| Keel-haul, To drag a . . and forwards or a ſhip? s keel 


for certain offences, practice 1s now laid afide in the Britiſh Navy, 
but is uſed by other, powers. 


| Knippers. A large kind of plated rope, whiah being twiſted round the met. 


ſenger and cable in weighing, bind them together, 


Log, and Leg line, by which the ſhip's path is meaſured, and boy rate of 


going aſcertained. Log board, on which is marked the tranſactions of the 


| ip, and from thence it is copied into the log- book * twelve hours, | 
Larboard, Left; as, larboard fide, left fide. | 
Laborrs, That is, the ſhip rolls and tumbles much. | - | 


Landfall. The diſcovery of the land. 
Land locked. Sheltered all round by the land, fo that there 1 is no view of 


the ſea. 
Laß. To bind. 


Lanch-ho, ſignifies high enough, or vat; 


Lee-ward, With the wind, or towards the point to which the wind blows 
Lee ſhore, is that upon or againſt which the wind blows. 


Lig, or Loofe, figuities come nearer to the wind, or bring the ſhip? s head 


up more to windward. 


Lift, Incline. The ſhip has a liſt to port, that is, he heels to the larboard. 


Lenyards of the ſhrouds, are the ſmall ropes at the ends of them, by which 
they are hove taught, or tight, 

Lifts. The ropes which come to the ends of the yards from the maſt-heads, 

and by which.the yards are tofſed up and down. 

Maſt. The upright timber or trees on which the yards and fails are ſet, 

Mizen-maſt. The maſt which ſtands abafr, and from which its rigging and 
fajls are named; as of the ſails, mizen, mizen- top-fail, &c, and fo allo 
are the other ſails, &c, named from the other maſts. 

Moor, is to ſecure a ſhip with two anchors. . 

Mend the ſervice, Put on more ſervice. 

Meouje. A kind of ball or knob, wrought upon the collar of the ſtays. 


Muſter. To aſſemble. 


Meſſenger. A ſmall kind of . which being brought to the capſtan, 
and the cable by which the ſhip rides made faſt to it, it Os the 


anchor, 


o un- Buoy. The kind of buoys uſed by ſhips of war, 


Neap-tides. The tides in the firit and laſt quarter of the moon, and are 
not either ſo high, ſo low, or ſo rapid as ſpring tides. A ſhip is ſaid 
to be benciped, when ſhe has not water enough to take her off the ground, 


or over the bar, &c. 


|  Nething-off. A term uſed by the man at the cun to the ſteerſman, direcl- 


ing him not to go from the wind. 


Narrows. ( A ſmall paſſage between two lands. 
Ong. To ſeaward from the land. A ſhip is in the eng that is, ſhe is 


10 ſea ward, at a diſtance from the land. She ſtands tor the offing, that 
13, towards the ſea, - 
| Or e 
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Over. . Out of che ſhip ; - AS, he fell over-board, meaning, he fell out 


of, or from the ſhip. 


On board. Within the ſhip ; as, he is come on board, 


Oalum. Old rope untwiſted and pulled open. 

Orlop. The deck on which the cables are ſtowed. 

Overhaul, To clear away and gdiſentangle any Eun ; alſo to come up 
with the chaſe: as, we over-haul her, that 1s gain ground of her. 
Pay the ſeams. That is, to pour hot pitch an Fat "upon the ſeams aſter 

caulkin 

Purchaſe. af To purchaſe the anchor, i is to looſen it out of the ground, | 

Peck, To ride a ſtay- peck, is when the cable and the fore-ſtay form a 

line. To ride a ſhort peck, is when the cable is ſo much in as to deſtroy 
the line formed by the ſtay peck. To ride with the yards a peck, is to 
have them topped up by contrary lifts, ſo as to repreſent. : a St. ANON 
croſs, = 

put. The holes in the ſhip's fides from which the guns are fired. | 

Pudding and dolphin. A large and lefler pad made of ropes, and put 
round the maſts under the lower yards. 

Pay out the cable, T hat is, ſhove it out at the hawſe holes. 

Pendant. The long narrow flag worn at the maſt head by all ſhips of the. 
royal navy. Brace pendants are thoſe ropes which ſecure the brace-blocks 
to rhe yard arms, and are always double, i in cafe of one being ſhot away, 
the other may ſecure the yards in its proper poſition, 

Parcel a rope. Is to put a quantity of old canvas round it before the ſer- 

vice is put on. 

Parcel a ſcam. Is to lay a narrow piece of canvas over it art it 18 caulked, 
before it 1s payed. | 

Port. Uſed for larboard, or the left ſi de; alſo a harbour or haven, 

Prints, A number of plaited ropes made faſt to the ſails for the purpoſe of 
reefin 

2uoil, 4 a rope or cable laid up oon d, one fake over another. 

Quarters, he reſpective ſtations of the ofhcers and people in time of 
action. Quartering, diſtributing the men into different places, Quarter 
bill, the litt of the ſhip's company, with their ſtations for action noticed. 

Herne ee is when the wind blows in abaſt the main ſhrouds. - 

Reeve. To reeve a rope, is to put it through a block, and. to unreeve it, 
is to take it out of the block. 

Biyſe in the cable. Haul it in, and make it taught, or tight. 

R-ach of a river. The diſtance between any two points of land that lie in 
a right line trom each other, | 

Ride at anchor, is when a ſhi p is held! by her anchors, and 1s not driven by 

wind or tide. To ride athwart, is to tie 1 the ſhip s ſide to the 
tide, To ride hawſe fallen, is when the water breaks 1 into the hawle in 
a rough fea. 

Rad, A place near the land where ſhips may anchor, but which is not 
ſheltered. 


\ 
| Rounding. Old ropes uſed to put in between the layers of the cable before 


it 1s lewed., 


Ratlines, The {mall ropes « faſtened tO he ſnrouds, © w ich the men go 
aloft, 


Rither, or Rude: The machine by which the ſhip is ſteered. 

Bullet, Tne nitch in a bont's an in which the 0a18 are uſed, 

Virike, A term lor yield, or ſurrer.der, ad to an enemy. | 
"Splice. 
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- She ſands, or ſends. When the ſhip 8 head or ſtern falls deep i in the trough | 


Sheers, are {pars tained rogether, and raiſed up tor the purpoſe of getting 


 Sxrabb. A kind of large mop made of junk to clean a ſhip's deck with. 


Stang. Large ropes coming from the maſt heads down before the maſts, 


— 


Solice. - To DP two ends 1 ropes faſt 8 by untwiſting ke, 5 
then putting che ſtrands of one piece with the ſtrands of the other. 

Serve. lo wind ſomethi ng about a rope to prevent it from chafing or 
fretting. The ſervice is the thing ſo wound about the rope. 

Seaze, ſo bind or make faſt. 


of the ſea. 
Settle. To lower; as s ſettle the top- ſail haly ards, lower them. 
Sound. Jo try the depth of water; allo a deep bay. : 
Sheer. The ſheer of the ſhip is the curve that is between the wad 5 the 
ſtern, upon her fide. Ihe ſhip ſheers about, that is, ſhe goes in and out. 


: 


-our or in a maſt, 

Scudd. Jo go right before the wind ; and going in this dircDion without 
any ſail ſet is called ſpooning. 

Sieeve. Turning up. The bowſprit ſteeves too much, that i is, it is too 
upright. _ | 

Shore i des, are the tides at new. and fall moon, which flow higheſt, and | 
ebb loweſt. 

Spilling-lines, are ropes contrived to keep the ſails from being blown war = - 

when they are clewed up, in blowing weather, a | 

Starboard, The right ſide. ä 0 

Spur ſpoes, are large pieces of timber which come abaft 8 pump well. [ 

Spurling- line, is a line that goes round a ſmall barrel, abaft the barrel of the 
wheel, and coming to the front beam of the poop deck, moves the tell. U 
tale with the turning of the wheel, and it t always i in uch poſition, 7 
as to ſhew the poſition of the tiller. | e 7 

Shear of the pump. The handle of an hand- pump. ; 

Steady. A term ufed by the man at the cun to the ſteerſman, when ſailing 
betore the wind, to keep her as ſhe goes. 

Szvay away, Holt. 

Stretch out. A term uſed to men 1n a bout when they ſhould pull frong, 


Sinnett, A {mall plaitud rope, made from rope yarns. 

Stem. She does not ſtem the tide ; that is, ſhe does not 80 l it, of 

cannot make head againit it, or want of wind. 

Ned or Seed When a ſhip is on ſhore, and the water Lines her, ſhe 1 
ſaid to be ſued: it'the water leaves her two feet, ſhe ſues, or is ſued two. 


tret, 


Jo. prevent them from ſpringing, when the ſhip is ſending deep. 
Spring-Stays, are rather ſmaller than the ſtays, and placed above them, and 
intended to anſwer the purpoſe of the ſtay if it ſhould be ſhot away, &c. 


Fring. To breek z as to ſpring a maſt or yard, is to ſplit or break it. 

1 Pamter. Ihe ripe by which the ſhank of the anchor 1 15 held up do and 
the This 85 fide ; is allo made fait to a piece of iron chain, 1 in which the WW. 
ſhank of the anchor lod ges. Wil, 

Stoppers. Large kind of ropes, which being faſtened to the cable in different Wis 
places abate the bitts, are an additional wa to the hip at anchor. In 


Tack. To go about. 
Tr 
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7 rep 2 A {mall fail uſed by cutters wi brigs in blowing weather, 

Tel tale, An inſtrument which traverſes upon an index in the front of 
the poop deck, to ſhew the poſition of the tiller. 

Traverſe. To go backwards and forwards. ; 


Filler. A large ptece of wood, or beam, put into the head of the rudder, : 


and by means of which the rudder i 1s moved. 
Tort, or raut, ſignifies tight. 
Trice, trice up. To haul up and faſten, 


Jarpaulin. A cloth of canvas covered with tar and ſaw- du, or ſome other 


compoſition, ſo as to make it water proof. 

Tide-gate, A place where the tide runs ſtrong. 

Tide it up. To go with the tide againſt the wind. 

Tow, To drag, The ſhip tows her boats, that is, drags or diy then ” 
after her. 

Truck, A round piece of wood put upon the top of flag- ſaves, with ſheaves 

on each fide for the halyards of the flags to feeve in. | 

Tier, A row; as a tier of guns, a tier of caſks, a tier of ſhips, &c. 

Trunions of a gun, are the arms or pieces of iron by which it hangs on the 
carriage. 

Tampions, or Tomkins, The Long or piece of wood, ”7 which the mouth 
ot the cannon 1s filled to keep out wet. 

Truck of a gun carriage, is the wheel upon which it runs. | 

Urron, Mm piece 5 wood by which the legs of the crow. foot are ex. 
tende | 

Unfurl, Caſt looſe the gaſket of the ſail. 

Unbend, Caſt off the ſail from the yard. 

Under way, When a ſhip is failing, ſhe is ſaid to be under way. 

Vier, Let out, as veer away the cable. 


Veer, or wear the ſhip. That is, put her about with: her head to leeward, 


the contrary way to tacking, 
Veer. Shift. The wind veers, that is, it ſhifts or changes. 
Val, or Voydl. A block through which the meſſenger paſſes in weighing | 
the anchor. A large meſſznger i is called a viol, 
Vane. A ſmall kind of flag worn at each maſt-head, | 
Hale. The path or track impreſſed on the water by the ſhip's paſſing 
through it, leaving a ſmoothneſs in the ſea behind it. A ſhip is faid to 
come into the wake of another when ſhe follows her in the ſame track, 
and is chiefly done in bringing thips to, or in forming the line of battle. 
eather. To weather any thing, is to go to windward of it. | 
1 8 are ſtrong timbers that g9 round a ſhip a little above her water 
ine. ] 
Vater. line. The line made by the water's edge when a ſhip has her fol 
proportion of ſtores, &c. on board. | 
Harp, To ir ſhip is to draw her againſt the wind, &e. by means of 
een and hawſers carried out. 5 
Harp. A hawſer, or ſmall cable. | 
Vrald. To would is to bind round with ropes, as the: maſt is woulled, 
}] 190. To haul up, as weigh the anchor. 
laws, Ihe ſhip yaws, that 15, goes in and out, not ſeady. 


tarde, The timbers vp02 Which the fails are e ſpread. 
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it does, I ſubtract 30 from it as s often as J can, and the remainder w Il be 


water, full and change, at the given place, and the ſum will be the tim: 


the morning; and if it exceeds 24. 1 ſubtract 24 from 1 it, and the remain- 


the time of high water. If I cannot, | add 12 to it, and th en ſubtract the 


The wing Dreftions and „ are e to the Peri 
of young Gentlemen belonging to the Sea, in order to refreſh their 
Memories, previous to that Examination which they muſt paſs through, 
before they are appointed to a Commiſſion in the Royal Navy, or an 
(cer in the Eaft India Service; as it is probable fimilar ones may 
be aſted by theſe appointed to examine FOOT at the New Office aud 
the Laſl- India e 5 | 


"I" He do you find the 250 OO Pe 


A. J add one to the given year, and. 8 the ſum * 19, the 


remainder will be the golden number. 
2. How do you find the epact for any year? 

4 By dividing the given year by 19, and multiplying the reſale by 
11, the product will be the epact, it it does not exceed 30; but if it does, 
1 ſubtract 30 from it as often as I can, and the remainder will be the epact, 

2 How do you find the moon's age? FO 

Z. To the epact I add the day of the month, and the number of ih 

month; their ſum will be the moon's age, if it does not exceed 30; butif 


her ape. 
2; How do you find the mcon's ſouthing, or the time of her coming to 
the meridian ? 


A. I multiply the moon's age by 48, and divide the product by bo; 


the quotient will be the hours, and the remainder the minutes when ſhe 
18 on the meridian Patt noon : Or, I may multiply the moon's age by 4, 
and divide the, product by 5, the quotient will be the hours and "the te- 
maincer multiplied by 12 will be the minutes when ſhe ſouths, or is on 
the meridian, in the afternoon: But if this time ſhould exceed 712, I {ub- 
tract 12 trom it, and the remainder will be the time of her ſouthing! in the 
morning. | 

2 How do you find the time of high water at any place! ? 

A. To the moon's ſouthing on the given day, I add the time of nigh 


of high water there in the afternoon ; but 1f-this time ſhould exceed 12, 
1 ſubtract 12 from it, and the remainder will be the time of high water in 


der will be the time of high water in the aſternoon“ 
' 2, Suppoſe that you go into an n and find by your watch that 
it is high wa. er at « ny hour of the day; by what means do you find ths 
imes wien it is high water on tull 2 nd change days in that place? 
A. 1 wy the time of the moon's » ſouthing on that day, and ſubtract i 
from the time ol high water at the given place, if I can, and that will be 


above time; the remainder will be the time of Bi, zh water at tlic gie 
. on full and change days. 


* The time of high water is found more corre by the tables, ſee page 141. 
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2. How do you find the zenith diſtance of any object? 
A. By correQing the altitude for the dip, refraction and ſemidiameter; 


and then ſubtracting it from go, the remainder will be the zenith diſtance, 


which will be either north or ſouth, according as the object bears of me. 


2. Suppoſe the zenith diſtance 10 north, and the declination 200 north, 
| what latitude are you in, and of what name! * | 


A. Ten degrees north. 

2. The fan is in your zenith, what latitude are you in? 

A. The fame as the declination i is, whether north or ſouth. 

9. Your zenith diſtance is 209 north, and your declination 1s 20 "north, 
what latitude are you in? 

A. Upon the equator, and conſequeaty 3 in no Jatitude, 


2. Suppoſe that your- zenith diſtance i is 50% ſouth, and the declination 


10? north, what latitude are you in? 

A. Sixty degrees north. 

9. Suppoſe your zenith diſtance be 455 north, and the declination I $f 
fouth, what latitude are you in? 

A. Sixty degrees ſouth, 

5 Suppoſe ) your zenith diſtance i is 45 north, and the declination I 37 
north, what latitude are you in? 

A. Thirty degrees ſouth. 

2. What do you mean by the word tial); | | 5 

4. The true amplitude is the number of degrees that the ſun, moon, or 
ars, riſe and ſet, to the northward or ſouthward of the true eaſt or weſt. 


* 


The magnetic amplitude i is the number of degrees they riſe or ſet to the 
northward or ſouthward of the eaſt or weſt point of the compaſs, 4. 


* How do you find the true amplitude? 

A. As the co: ſine of the latitude : is to the radius : : fo is the fine of the 
11 or ſtar's declination to the fine of the true amplitude. Or if the ſecant 
of the latitude be added to the ſine of the ſun or ſtar's declination, the 


lum (rejecting 10 in the index) will be the log. ſine of the true amplitude. 
2. But ſuppoſing the evening or morning proves cloudy, and you cannot 


ſet the ſun or flar, how wall you find the v venation of the compaſs ? 

A. By an azimuth. 

2. What do you mean by an nod} 2 

A. The true azimuth is the diſtance of the ſun or ſtar from * true 
north or ſouth at every degree and minute of altitude. 

The magnetie azimuth is their diſtance, at each degtee and minute of 
altitude from the north or ſouth pint of the compaſs. 

2. How do you find the true azimuth ? 

2. By adding the complem- ent of the latitude, the complement of the 
2 ne and the ſun or ſtar's polar diſtange into one ſum; from half this 


im I ſubtract the polar diſtance, noting the half ſum and the remainder: 


New to the arithmetical comple: ment of the co-fine of the latitude, I 
_ the arithmetical complement of the co- ſine of the altitude; the log. 
ns of the half ſum and the remainder; half the ſum theſe four logari: hms 
ill oive the co-fine of half the true 2 2zimuth, which being doubled is the 
trug azimyth, reckoned from the north in north latitude, and from the fouth 

; louth latitude, 

27s it may be found thus: 

To the log. eo-ſecants of the co- latitude SE altitude, add the. lo fines 

07 the half ſum and the remainder ; halt the ſum of theſe four logarithms 

liejecting 20 in the index) WIII be the log. coſine of half the true azimuth, 
45 before, | 

„ | Oo 2 | F 
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9. You have given the true eee or niwark by dio: and 
the magnetic amplitude or azimuth by obſervation ; how vo 2m find the 
variation ? 

A. By placing both the awplitades or azimnth before me; then, if the 
true amplitude or azimuth be to-the right hand of the magnetic, or 0b. 


ſerved, the variation is eaſt, but if it be to the left hand, it is weſt. 


Tou. have the latitude and longitude the ſhip is in, conſequently her 
place, how do you ſhape her courſe, or in other words, find her courſe and 
diſtance to any Sher place, whoſe latitude and longitude is known ? _ 

A. It may be found briefly by the tables of dilterence of latitude and 


departure, but by logarithms I will ſay, 


As tne meridional difference of latitude : is to „ : ſo is = mga 


ence of longitude : to the tangent of the courſe, And, 


As tlie co-ſine of the courſe : is to the proper difference of latitude ; $: 
ſo is radius tothe diſtance. 
2. You have the difference of latitude and departure made good in the 


5 24 hours, how do you find the Morse and diſtance, and the ſhip's 8 


by logarithms? 

4. As the difference of latitude : is to radius: : ſo is the departure ; to 
the tangent of the courſe, And 

As the coſine of he courſe : is to the difference of latitude : : ſo is radius: 
to the diſtance made good in the 24 hours. 

Having tlie latitude and longitude left, and the difference of latitude, 


I find the latitude in, and the meridional difference of latitude ; Lthen ſay, 


As the co- ſine of the courſe : is to the meridional difference of Ia Itude, 
: ſo is the fine of the churle: to the difference of longitude. ' Or, as the 
proper difference of latitude : is to the departure : : ſo is the meridional 


difference of latitude : to the difference of longitude, Having the longi- 


tude left, and the difference, the longitude in is found by addition or ſub- 
traction, as the caſe requires. | 

Q. You have now the ſhip's place by calculation, how do you find it 
en a Mercator's Chart ? 

A. By laying a rule acroſs the Chart on the ſhip's Jatitnde, and ling 
her longitude in my compaſſes, and ſetting one point on the meridian, by 
the fide of the ruler, I turn the. other eaſt or weſt, according as the longi- 
tude is, (by the fide of the ruler) and it will point out the ſhip's place. 

9. You have now the ſhip's place, how do you find her bearing and dil. 
tance to any other known place ? 

A. By laying a ruler aver the point where the ſhip is, and the given 
place, and with the compaſſes I take the neareſt diſtance between the ruler 


and the centre of ſome compaſs on the Chart; and ſlide the compatles along 


the ruler, (keeping both points perpendicular to it) the fartheſt point from 


the ruler will ſhew the courſe, or bearing, between the ſhip and place. Again, 


I take the diſtance between the ſhip and place in the compaſſes, and the! 


| - one point on the meridian as much below the ſhip's place, as the over 


o above the given place ; that diſtance, reckoned in degrees, leagues or miles 


on the ern, according as it is divided, will be the diſtance. 


©. You are ordered to a IPs ſhe is ly i ing in dock; e to take bet 


: Out of dock. 


A. I would take on board what kentledge was neceſary, iream- anchor 


and cable, kedge-anchor, hawſer, and towline, with ſome ſpare ropes 10! 


guys, to keep her fair for the dock gates; haoy and buoy ropes, for (cain 


And kedge. 


WP, vv hen Your ſhip i is Out of gock, what is f. lt to be done? 3 
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#3 : wool take on board the remainder of the kentledge and level the 
bold; by laying the kentledge from the fore * of the fore-hatchway to 


the alter part ot the after-hatchway. 
If you are taking in bales, how nous; you dunnage, and which part 


of the ſhip moſt ? 
A. 1 would dunnage fix inches and moſtly about the well, main batch- | 
way, the wake of the chains and floor timbers. - 

2. 9 you have one and a half foot water in your hold, and your 


ſhip hee 
cargo? 
J. Three feet. 


2. How would you moore your hip at Graveſend ? 


four ſtreaks ; what CE one you to have to preſerve ay 


A. I would come to with my fmall bower, veer the ſervice into the 


hawſe, and then hang my beſt bower anchor to the long boat, and with the 
tide drop her a-ſtern : when the cable is taut, let go the anchor, firſt letting 
go the ſhank- rope, to keep the cable more taut. ä 
2. How would you hang the anchor to the long-boat ? 
J. Take the buoy-rope over the roller (which i is in the mid ile of the 
dern of the long-boat), bring the bight round the main thwart, coekbill 


the anchor, hook the cat to the anchor, and lower away, until the flukes of 


tie anchor are clear of the boat's bottom, then make faſt the buoy-rope, have 
a ſhank-rope through the ring, (which i is at the boat's ſtern- poſt), paſs it 
1085 the ſhavk of the anchor, make it faſt to the after · thwart, lower away 
aud unhook the cat, then veer away the cable; N be careful to heave the _ 
over-board before you let go the anchor. 
8 How do you moor in the Downs ? 


With my beſt bower to the S, W. I would veer away with 155 laſt 


rh flood, and moor with the ſmall bower to the N, E. 

2 Where i is the beſt anchoring in the Downs ? - 
| 4. Upper Deal church and caſtle in one, in eight or nine fathoms 
water, 

2. What are the marks for anchoring i in the Downs ? 


4. The South Foreland S. S. W. Deal caſtle bearing Weſt, and Sandown. 


caſtle N. W. 
2. How would yon -unmoor in the Down with the wind at north? 
A. I would ſplice my ſtream cable to my ſmall bower, and veer away 


at half ebb, he I might have time to ſtow my beſt bower, and ſhorten in- 


my ſmall bower cable, before the ſhip tends to windward. 
2. Proceed to unmoor ſhip as it is done in the navy. 
4, I would fend for the maſter to ſee the hawſe is clear, turn all hands 


up to unmoor ſhip, lay the capſtan-bars for ſhipping, cali the mate to ſee ' 


tue meflenger Palled for the belt bower, rig the davit out, becauſe will 
f 5 take 


Nor. All cables 3 to be 120 fathoms in length, and are in proportion to each 
other as the cubes of their diameters. The number of threads of which a cable is com- 
pled being always proportioned to the length and thickneſ., and the weight and value 
of it is determined by this number. The number of threads and weight of cables of 
Giterent circumferences may be ſeen in the following table: | 
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take it up the firſt quarter flood, get the cat od fiſh to paſs hs the bel 


bower, {tretch along the fiſh tackle; quarter maſters down in the tier, and 
ſtand by to veer away the ſmall power cable; ſhip the capſtan- bars, pin and 
ſwift them; clap on the ſtoppers before the bitts, and bring to the meſſen. 
ger. At tie ſame time unbit the beſt bower, rowſe aft the {lack of the ca. 
ble; heave taught, take off the toppers, hold on the meſſenger, aud heaye 
away; veer away the ſmall bower-cable ; clap on the nippers: Thick and 
dry tor weighing, heave chearly; the anchor's away, keep faſt the ſmall 
bower cable ; quarter maſter take hold of the helm; look out for the an- 
chor; the anchor is in ſight ; heave and paul the capſtan; hook the cat; 
Haul taught, and take a turn; ſurge the meſſenger round the capſtan; rake 


off the nippers; out cable; cable enough; haul cat; belay the catfall; 


paſs the ſtoppers ; hook the fiſh ; ; try fiſh by hand; baul away the fiſh ; he. 
lay the fiih tackle- {all ; paſs the ſhank painter; bowſe to the fock-tackie ; 
belay the ſhank painter; make faſt the ſtopper and ſtock laſhing; come up 
cat and fiſh ; unhook both; haul the buoy in; then ſhift the meſſenger for 
the ſmall} bower and bring ; to, clap on the top pers before the bitts and un. 
bit the cable; rowſe aft the flack of the cable ; man the capſtan; hold on 
the me enger; forecaſtie-men; rig out tage davit for the ſmall bower; 
when the anchor is a-peak, fc 2d the top, men to Jooſe the fails; man the 
yards; ſtretch along the topſail ſheets ; let 80 the topſail; reef tackles, 
bunt-lines and clue- lines; foot the ſails out of the top; haul home the top- 
fail ſheets; ſtretch along the top-ſail halyards and man them; quarter- 

maſter and boatiwain's mates attend to the braces ; hoiſt away the top-ſails; 
belay the halyards ; trim the ſails; heave up the anchor; ; ſtow it as before, 
and haul the boy in. 

D. How would you unmoor with the wind 8. E. or S.? 

A. Veer on the beſt bower-cable, and take the ſmall bower-anchor up 


firſt ; and proceed as before, then to heave in to the ſhort ſervice on the 


beſt Power: &c. If the anchor has great hold and afraid of ſtanding ti 
meſſenger, clear away the main capftan and Jaſh a, block, or purchal: 
blocks, on the cable, and one to the main-maſt, or one to the two ports 
abreaſt of the main-maſlt ; reeve a hawler through thc m. and heave on both 
capſtans together, 

2. Suppoſe you are cloſe upon a wind, in moderate 5 with all 
Four fails ſet, how will you tack the ſhip? 

A. | would hand down the lee-bow- lines, ftretch along the weather- 
| brzces, the weather ſheets and lee-tacks; then put the helm a-lee, let go 
the fore- ſheet, lee forc-top-tail, brace and fore-top.-Bow-line, jib, and ſtaj- 


5 ſh-ets ; and haul them taught. When the fore-top-ſail touches, brece 


i and kel> her; when aback "brace up and help her; when the wind is 
gut ot the alter. ails, raiſe tacks an ſacets ; - ſhift the. ſtay-ſail tacks, and 
Neul over the iay-ſatl-thects; cant iprit-fail yard, when the wind is rather 
point on the bow if fare. of coming a YOu t, haul the main ſail, A. B. 
mac the top-men on the qQUarter-c teck, and fore-caltle to AY 
the went er- hreati back-flays : : If ſhe has ſtern- way, ſnift the helm an 
Luxe the ſpfit oil yard; haul BY board the main tack and a't the main 
meet. Lrace dp the main yard when the aſter-ſatls are full ; haul off all; 
a: haul on board the fore tack ; ker p In the > weather- braces torward, 3nd 
jet ker come io, then brace up; haul aft the fore ſheet t, jib and ſtay. ſal 
Ie; kt ide beck-ſtays Wheu head to the wind up, and haul the bos. 
| | SK | | lircs, 
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Kan: then haul ark the weather-braces, lee- 8 1 od weather- ſheer; 


have the braces let go at once; when the word is given to haul Main- fail, 


(all the hands on the braces mould keep hauling taught in for the run), 


the yards will ſwing of themſelves, 

92, How would you tack a ſhip under her three top-ſails ? 

J. 1 would put the helm a- lee, eaſe off the fore- top- ſail brace, keep Faſt 
the fore top bow- line; when the fore-top- ſail touc hes, brace to and help 
ber; when the wind is a-head, haul the main top-ſail and ſhift the helm : 
1 5 brace up the main- yard, and havl the main- top bowline; when, the 
after-ſails are full, let go and haul ; keep 1 in the weather- braces forward, 
and when ſhe comes to brace ſharp up, haul the main and fore top bows 
lines, and haul taught the weather braces. . 

2. How do you veer, or wear a ſhip with all her ſails ſet? 

A. I wou!d haul the mizen up, and the mizen-ftay-ſail down, or rail, it 


up, hard a weather the helm, ſhiver the mien top-ſail, let go the main and 


main-top bonnes, eaſe off the main- ſheet, the lee main brace, and round 
in the weather-brace. When the wind is abaft the beam, raiſe the main- 
tack ; when the wind is aft, ſquare the head yards, and get the other tacks 


on board; haul aft the ſheets, ſhifr the jib and ſtay-tail ſheets over the ; 


ſtays, and as ſhe comes to, hau! the mizen out; hoiſt the mizen ſtays ſail, 
and haul aft the ſheet ; | 
trim all ſharp. If a. freſh wind, and ſhould be proper to ſhorten ſail, in 


all. 
2. It blows hard, would have you proceed to cloſe reef the top ſails ? 
. ] would let run the 1alyards, and haul the yards cloſe down by the 


clue- lines and down-haul tackles; if the wind is large, man the clue-lines 


and bunt-lines, lut 90 the ſheets, and clue them cloſe up ; haul in the wea- 


ther-brace, and ſpill the fail as much as poſſible; then haul out the reef 


ta-kles, fend men up and haul out the walther caring firſt, then the lee 
ene, and reef away, hauling, the other reefs up hefore the yard: If the 
ſhin is upon a wind when the top-ſail yard is down, let go the bowyline. 


It is moſtly the way to man the clue-lives and the bunt-lines, to eaf- off the 


lee ſneet and clue it up; then man the weather. brace, let go the lee brace, 
oll the weather: ſhect and clue it up; hauling in the weather. brace and 

unt-lines at the fame time; wen the..ſail is ſpilled, haul out the reet- 
8 and reef as before. But to keep the fail from ſplitting or ſhaking 
(elpecially if it be wet) it is the beſt way to man the clne-lines, bunt. lines, 
aud weather-brace, let go the lee- brace, eaſe oil the weather theet,. -havl-. 

ag up the clue: line, and in with the we eather-brace at the ſame time; when 
in enough, caſe off he :e-{hcet, clue up, &c, 


weather one, &c. &c. as before. 
LE it blows harder, you muſt take in your top- my ? 

AT would take in the fore and mizen top-ſeils firft, becauſe it will en ſe 
the tip foru ard, {fc r when it blows hard we generally have a head fea, 


and. ſhe K eps to the better) let go the fore-top bow line, lower away the 


laly ards, man the clue- 1 and bunt- lies, "clas clofe up, and liaul cut. 


tte ref-tackles, haul in the weacher.brace, ſteagy the lee brace, haul taut 
tne top-fail helyards ; ſend the people up to band the ſail, and when up, 
before the go on the yard, I'll clap the 1 1 rackle on to ſteady her, (all 
th le top. ſails thould be taken in the ſame way) after that, it tqually, toke in 
the main top fail, and then the ſhip is under her courles,. 


brace the head-yards up, haul the bow-l:nes, and 


top-gallant- lails, down jib and ſtay-Lails, take one or two reefs in the cob. 


N. B. Lo ſet a top- :ſail on 
2 wind, when je þ lows ſtrong, always haul the ke theet home firſt, » 1998 the 
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does, eaſe off the main-ſheet; if that will not do, I'll man the fore ſhrouds, 


| yard-arm, then haul aft the ſheet. clap the helm hard a-weather, eaſe of 
the main-ſheet, round in the weather- brace, gather aft the other ſheet, haul 


the fore-ſail and veer her under her courſes, or haul the main- ſail up; if 


but it ſhe is tidegssde, the helm mult be put the contrary way to which you 


and areal: =vack, what will you do? 


. EXAMINATION OF A 


2; How would you veer a ſhip under her courſes? 

J. I would haut the mizen and mail-ſail up, and down with the mizen 
ſtay-ſail, ſquare the after yards, hard a weather the helm, man the weather 
ſore-brace, and cate off the lee-brace and fore bow-line; eaſe off the fore. 

ack, and ſtand by to haul on board the other: keep her large if room, until 
] get the tack on board and belay it; then luff up to the wind, haul aft the 


 fore-ſheet and brace up the fore- yard, ſet the after-fails, aboard main tack, 
aft the main ſheet, brace all up, and haul the bow-lmes ; when my ſails are 


trimmed, ſhift the rolling tackles on the top-ſail yards. | 
Q. Suppoſe you are lying to in a hard gale of wind, under a reef main. 
fail, you want the ſhip's head on the other track; how will you veer ina | 
great ſea ? 3” | „„ „„ 

A. 1 will watch her falling off, and put the helm a-weather, when ſhe 


and get tarpaulins and hammoc ks or ſpare canvas up, and ſpread it: If that 
will not do, I will haul aft the main-ſheet, and put the helm a. lee, then ſend | 
hands out to the ſprit- ſail yard with hammocks and gaſkets to ſtop the ſprit. 
ſail (called balancing) within the lee clue- line; block and looſe the lee 


the main tack on board; when ſhe is before the wind, ſquare the ſprit-ſail 
yard, clue the fail up and furFit ; eaſe the helm down a- lee, brace the yards 
up, haul the main-ſheet aft, bowſe the bow-line up, laſh the helm three 
parts a-lee, and ſhe will lay to as before. 5 

2. Suppole ſhe will not veer after all you have done? 

A. Iwill looſe the gooſe wings of the fore- ſail; if that will not do, ſet 


by hauling the main-ſail up and furling it ſhe does not veer, lower down 
the mizen- yard; if that will not do, lower down the croſs jack yard and 
mizen-top-maſt ; if that will not do, cut away the mizen maſt, ® 

9. How do you caſt a ſhip, when intending to get under way? 

A. If I am to caſt her to ſtarboard, I would haul in my larboard braces 
forward, and let my aiter-yards lay ſquare; I may hoiſt the fore top- maſt 
ſtay- fail, and keep the ſheet to windward to help her; if I am to calt her 
to port, would haul in the contrary braces, when caſt, fill the head - ſails 
and brace up as circumſtances require. N. B. If a ſhip is wind- rode, as 
ſoon as the anchor is right up and down, put the helm the way you would 
have her calt, ſetting in the ſame braces abaft, and the contrary forward: 


would have her caſt, and ſet in the braces forward; which ever way the 

helm is, the braces abaft muſt be the contrary, 

©. jt blows hart, and you ſplit your top ſail? 
A. i would let go the bow-line, haul in the weather-brace, and lower 

away the Halyards, clue vp the lee-ſheet, haul up the bunt-lines, flart the 

weather ſheet, belay the clut-lines and bunt-lines, unbend the ſail, bend 


anoth-: then either furl or ſet it, as circumſtances require. — 
2. are lyipg to in a hard pale of wind, and ſplit your main-ſail? 
AJ. haul it up carefully, unbend the fail, and bend another, get 


en boa the main tack, and haul aft the ſheet ; when the ſail is ſet, get à 
tackle © thewweather leach to ſecure the tack, and a preventer ſheet ; but 
in ſins}! s they get the lee tack aft for a preyenter ſheet. 1 5 

9. du ole you are on a wind, and let the ſhip come up in the wind, 
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I 1 will box her off, and ſappoſe ſhe will not box off, I wil haul the 
mizen up, let go the main and main top bow- lines, the lee main and main- 


# top-fail braces, and lay all ſquare abaſt, put the helm to leeward, if ſhe 
e- has ttern-way, when the wind is abaft the beam ſhift the helm; and, as 
il ſhe gets head-way, haul in a little of the after braces, haul the mizen out, 
he brace up {harp abaft, and haukthe buw-lines ; and then I am on the ſame 
k, tack as before. 7 5 | 7 75 
re 9. Suppoſe you are on a wind, cloſe upon the land, and ſtanding on 
| muit run on ſhore, and you can clear the land on the other tack ; but it 
n- blows hard and a head ſwell, that ſhe will not ſtay; and ſhould you veer 
T1 you would be on ſhore, how would you get upon the other tack? | 
: A. T would club haul her; this is done by putting the helm a lee, and 
he letting go the lee anchor, and bringing her head up to wind; then cut the 
ls, cable and baul about the after-ſails; and when they are full, brace about tae 
at head-ſails, haul on board the fore-tack, and brace up the other way. 


9. It by accident your ſhip is brought by the lee, what would yon do? 

A. When a ſhip is brought by the lee, it is commonly occaſioned by a 
large ſea, and by the neglect of the helm's- man. Whea the wind is two ar 
three points on the quarter, the ſhip taking a lurch, brings the wind on 
the other fide, and lays the fails all dead to the maſt; as the yards are. 
braced up, ſhe then having little way, and the helm being of little ſervice. 
I would therefore brace about the head-ſails the other way, and keep the 
main-top-ſail ſhivering ; when ſhe gathers way. and brings the wind aft 
again, raiſe the fore tack and Tquare the head-ſails; trim the fails as they 
were before, and bring her to her courſe again. V. B. It is dangerous to 
bring a ſhip by the lee in a gale of wind, tor ſhe lying entirely againſt the 
ſea, her ſails can be of little ſervice till they are braced abont. 

D. Coming into ſoundings from a long voyage, I would have you pre- 
pare tor going into port and anchoring. 5 . 1 
A. Fil order the cables to be bent; thus get their ends up, reeve, hauſe, 
and ting ropes to haul them out, the forecaſtle men to clinch them, and 
quarter-maſter to clap the bends on, reeve the runners and tackles, untow 
| the anchors, bend the. buoys and bow-ropes, ſingle the ſtoppers and ſhank 
painters, bit the bower cables with a long range, have the dog ſtoppers to 
paſs, ſee the tiers clear, have hand leads and lines in the chains, ſend down 
tie top-ropes, reeve the top-tackle-falls, unſling the lower yards, when the 
cables are bent, &c. clap the hawſe bucklers on. | Fw, 

2. You are off the Eddyſtone, the wind at 8. W. in a hard gale, under a 
ret tore-ſail, and you mutt anchor in Plymouth Sound, how will you bring 
up for the ſafety of the ſhip, and with what anchor? | 
_ 4, To give myſelf time tor anchoring, I will haul my fore-fail up, get 
the ſnert anchor over«the ſide, and bit the cable to the atter-bits with a 
range, get down top gallant maſts, and ſprit-ſail yard, in fore and att, unfid © 
tie top maſts and ſtretch along the jeers, clap the wing topper on the 
ſecond cable of the beſt bower; being all clear, I'll ſet my foreſail and 
ſteer in for the Sound, and when I am near the place I intend to anchor 
in, I'll man the fore clue garnets, and ſtand by to lover the yards and 
top-maſt, being ready, lower away, haul the fore-ſail cloſe up, and furl it 
a Portland, clap rolling tackles on the lower yards, and heel ropes on 
tle top-maſts; having the marks on. to anchor, ſtream the beſt bower 
buoy, and fee that it goes clear of the ſhip, and when I intend to bring 
up, put the helm down, and haul the mizen out, then let go the anchor 
and yecr away at leaſt one aud a halt cable before 1 check her; ſhould the 
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' ſhip drive with two cables out, on the beſt bower, ſtream the ſmall bower- 


buoy and let go the anchor, which will allow me to veer a cable on the 
ſmall bower, this will bring her up if it blows ever ſo hard, and I have 


: Kill the ſheet anchor to ſtand by; when I have brought up, and double. 


bitted and ſtopped the cables, I'll get the top. ſail yards fore and aft in the 
tops, and make the ſhip as ſnug as poſlible; as ſoon as the gale is over, 
get the anchors up and moor properly. The beſt method is to unbend the 
mall bower buoy rope from the anchor, it being liable to get foul of the 
beſt bower cable, by the buoy going over and over again of the ſaid cable, 
which has been often the caſe. 1 55 . 
N. B. In coming from the weſtward with a hard gale of wind, and bound 
into the Downs, take the ſame method. | 
D. Suppoſe you are on a lee ſhore, and had neither room to veer or ſtay, 


nor any anchoring ground, how would you put the ſhjp's head round the 


other way. ; 


A. I would put my helm hard a-lee, when ſhe comes head to wind raiſe 
the fore and main tacks directly, make a run with my weather braces and 
lay all aback at once, then haul forwards my lee-tacks and bow-lines as far 
as I can, that the ſhip may fall round on her heel, and when the main, fail 


begins to ſhiver, I would haul it vp, fill my head fails, and ſhift the helm 


hard a weather; when the wind comes on the other quarter, haul on board 
the main tack, and bring her eloſe to the wind. | ; 

Q. Suppoſe you were on a lee-ſhore, and could clear the danger on the 
other tack, although not room to veer and a ſea on, ſhe will not ſtay, and 


you had good anchoring ground, what would you do? | 


A. When I ſaw the danger, I would take a good hawſer and lead it out 
of one of the quarter ports, and bend it to the anchor to lee-ward ; the 


other part I would bring to the capſtan, ſhip the bars, and when I clap 


the helm a-lee, and as ſoon as the wind is out of. the main-ſail haul it vp, 
Jet go the anchor, and heave on the ſpring to caſt her, becauſe the cable 
ſhould not check her. When ſhe comes head to wind, brace about the 
main-yard, haul on board the tack, and cut away the cable and ſpring; 


when the main: ſail fills, ſet the fore-{ail, haul on board the tack, and trim 


her to the wind. | ** | 1 
2. Suppoſe it blows hard, you cannot carry your courſes, night coming 


on, and it is likely to blow harder, what will you do? | 


A. I will haul the fore-ſail up and furl it, balance the mizen, haul it out 
to keep her to, then haul up the weather main clue-garnet and bunt-line, then 
the lee-clue-garnet-bunt-lines and leach-lines, {quare the yards, and get lirops 
round the maſt above the booms to hook the yard tackles to for rolling 
tackles, then rect the ſail, when recied, haul on board the tack, get att the 
Meet handſomely, tend the braces, bowſe up the bow-line and hauf up the 
mizen, | 5 

2. You are juſt abreaſt of Portland, the wind has taken you back; yo! 


have all fails ſet, and you have no time to take them in, for you will be on 
ſhore or in the Race preſently, how will you proceed? 


A. If ſhe has head-way, I will put the helm-a-port, let go the fore ſheet 


and larboard braces; as ſoon as the after. ſails ſhiver, haul down all the ſtuc- 


ding-ſails; if it blows freſh. take in top-zollant fails, brace up the after 


yards; when full, brace up forward and haul on board the fore-tack, trim 


all ſharp, haul taut the weather-braces and haul the bow-lines, the bow-J1ues 
9. Suppoſe 


\ 


lines 
ppok 


\ 


\ 9, Suppoſe you are turning over the Flats with your top-ſails and fore 
fail, you endeavour to put about, but ſhe will not ſtay, there is a ſand 1 
a- head within a cable's length of you, what will you do? | - 


when ſhe has paid well off, brace about the head - ſails and ſhiver the after- 
ſails; then ſhe will veer round and ſtand off. ; 


do? 


eaſe off the fore · tack, and when clued up, man the lee- clue - garnet and haul 
it cloſe up; then let go the lee-brace, haul taut the lifts and braces, ſend 
hands to unbend the ſail ; when another is bent, and I want to ſer it, I 
will haul on board the fore-tack, and haul aft the fore-ſheer, brace the yard 
up and baul the bow-line, 5 | 


proceed ? e 


and the Goodwin Sands, keeping to the Goodwin in nine or tea fathom, 
and to the Brake in ſeven or fix. | TEE, | 


the lanyards of the main top-maſt ſhrouds, and lower away, caſt off the 
Hawker, reeve it to ſend the ſtump down, clear away the rigging, unſling 


: N 
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A. Iwill heave all aback, and when ſhe has ſtern- way ſhift the helm; 
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9. You are in a gale of wind, and ſplit your fore courſe, what will you 


A. I'll man the weather fore clue-garnet, bunt: lines, and leach- lines, 


9. It blows hard, and you want to reef your courſes, how would you 


A. Iwill clear away the top-ſail ſheets and lifts, man the down-haul : 


tackles, lower away the jeers, let go the how-lines, and clue the ſails up y | 
round the weather-braces, haul taut the lifts, braces, and rolling-tackles - 
then ſend hands up to reef the fails; when I want to ſet them, I will pro- 1 

ceed with the fails as before, | | E 


* 


4 
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9. Suppoſe it blows hard at S. W. and you are drove from your anchors _ | 
in the Downs, what would you do? 1 
A, I would ſteer for the Gull-ſtream, which I ſhall know by having the [ 
upper Light on the South Foreland to bear S. W. by S. then ſteer away 
between the N. E. and N. E. by N. which will carry me between the Brake 


9. You are ſtanding on a wind with all your fails ſet ; your enemy is in 
fight, ſtanding towards you, how do you clear your ſhip for ation? 7 

A, I will turn all hands up to clear ſhip, up all hammocks, the quarters 
maſters to ſto them in the netting, and on the gang-way ; get the top-men's 
hammocks up in the top; down all cheſts in the hold; quarter-maſters tow 
them; take in all the ſmall fails ; fling the lower yard with top-chains, get 
the puddings and dolphins up; then ſling the top-fail yards half malt or cloſe 
vp; ſtop the top-ſail ſheets, ſtoppers on the jeers, or elſe rack them; gun- 
ners get the match tubs between every two guns, matches, powder horns, 
crows, and handſpikes ſufficient for every gun; all hands to quarters, keep 4 
ſilence and mind the word of command, fire not a gun until the word ß „ 
command is given; mind you do not fire a ſhot in vain, Now I have all! 
tlie three maſts in one, fire! 8 „ - 
_ v2. Suppoſe you are in chaſe of an enemy's ſhip of war, upon a wind, 
with all your fails ſer; ſhe is right a-head, on which {ide will you engage her? 

A. I will engage her to leeward, by reaſon ſhe cannot put away before 
te wind, and if there is any thing of a ſea, ſhe may not be able to fight 
her lower tier of guns. If light breezes and hot weather, it would be better 
ta engage to windward, to let them receive the ſmoak and heat of the fire. 

9, You are chaſing from the wind, and carry away your main-top-maſt, 
how will you proceed? „„ 5 

4, I would haul up the main-fail, and fend hands up into the top with a 
ſpe or hawſer, to clap on that part of the maſt that hangs down, then cut 
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: the main yard, get the foretackle on it and bowſe and forward the yard, then 


- damaging the ſhip. 


man the halyards and hoift away, haul out the rack, &c. If the wind is on 
the beam or quartering, ſet it abaft the topſail; if right aft, before the 


when pointed. 
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lower the ſtump upon deck, and get the ſpare top maſt ready r the croſs. 
trees; clap the hawſer on, and ſway it up high enough for the rigging, 

9. You are lying to in a hard gale of wind under yout main courſe, you 
carry away your main-maſt, how will you proceed to clear the wreck? 
A. I will clap my helm a-weather, brace my fore and ire top-ſail yards 
full, then call all hands to get pole-axes, &c. to clear away the rigging. 

9. Why will you put the ſhip before the wind? © © 

A. Becauſe the maſt will go a-ftern clear of the rudder, and prevent its 


9, You are going large and fee a ſhip in the wind's eye, how will you 


proceed to chaſe her ? „ 1 
A. I will turn all hands up, get my tacks on board, brace up my yards 


and haul aft the ſheets; haul the bow-lines, ſer the jub and ſtay-ſails, keep 


her ſull, and by making ſhort boards and turn directly to windward, which 


will prevent her putting away large, „ 
9. Snppoſe you were to carry away your bow-ſprit, what would you do? 
A. I would immediately veer ſhip, and keep her before the wind ; and 


ners and tackles, and bowſe them well taur, till I can get a hawſer or ſuf. 


} 

then, for the ſecurity of the fore maſt, I would carry forward the fore run. 
d 

m 


ficient rope, and clinch it round the maſt-head, and ſecure it to the bits of 
the forecaſtle or the cat - heads; then take the beſt ſpar I have, and make a 


Land 
_——_ 


Jury bowſprit of 3t, = . - | | 
9. Having a fair wind, how will you ſet your fore-top-maſt ſtudding fail 
on the larboard fide? . 5 | 5 
A. Firſt haul taut the truſs tackles, and bowſe the fore- yard cloſe to; 
then haul taut the larboard tore-lift, and ſtarboard fore-top- ſail clue. line, 
on board his Majeſty's ſhips the top burtons are on the top ſail yards to keep 
them ſquare when ſtudding- ſails are fer, (the top- ſails, lifts, and clue-Jines 
not thought of) the fore- top men down on the fore- yard, and rig out the 
larboard ſtudding-fail boom, firft ſending down the ſtudding-ſail rack and 
outer halyards up to the fore-top-ſail larboard yard-arm; and reef the hal. 
yards, ſend them down and bend them; the tack being bent and all ready, 


topſail, (which is done by a man ſtanding on the fore yard-arm, with the 8 
leach of the ſtudding- ſail in his hands.) „ N 4 
9. Suppoſe you are in an engagement, and your main-top-maſt ſtay is ſhot I Ve 
away, how will you ſecure your malt ? un part 
A. Iwill ſend my ſhifting back-ſtay forward by the main-top-maſt ſtay- _ 
80. 


fail halyards, and reeve it through a block abaft the fore maſt head, bowie be 
8 ; : ea 


it taut, and that will fecure the maſt. 5 

2. Your ſhip comes to againſt her helm, what will you do? , la 
A. I will haul my miz2en up, and ſhiver the after-ſails, E Ng 
She comes to yet, it ſhe ſtays ſhe will be on board ſome other ſhip? high. 

A. I'll let go the lee-fore and fore-top- ſail braces, raiſe the fore rack and * 

let go the bow lines, haul in the weather braces, and box her off. | 4. 
2: How do you ſplice ycur cables? ; parce 
A. Iwill put the whole ſtrands of the beſt or ſmall hower cables twice- PE 
each way, and point each ſtrand with a tail of three fathoms each; then ſeize 3 
them with quarter and end ſeizing to make them lie ſnug, which is the ce. 125 


dieſt way for clearing che hawſe. They being ſoon ſpliced and unſpliced 


> Hou 
Q. Ho 
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9, How would you mark the lead-line ? 


: A. Black leather at 2 and 3 fathoms, white at 5, red at 7, black at 10, 
; white at 13, Aſome ſeaman uſe black at 10 and 13) white at 15 as at 5, red 
at 17 as at 7, two knots at 20 fathoms, and ſo on, an additional knot at 
s every 10 fathoms, with a ſingle knot between each 10 fathoms to mark the 
I; line at every 5 fathoms, + 1 275 8 : | 
'9, You are ſent down in the dark for a top-ſail, how do you know a 
main-ſ2il from a fore-ſail, or a main-top-fail from a fore-top-ſail ? 
| A: If it has three bow. line cringles it is a main-fail, if it has but two, 
w itisa fore- ſail: if it is marled abaft the foot rope, it is a main-ſail, if be- 
1 fore, it is a fore-ſail: if a main top-ſail, it has four bow- line cringles, if a 


fore-top-ſail but three; all top- ſails are marled to the rope, becauſe the 
4 foot rope is ſerved, ED 75 . 55 
: 9. The ſheers are alongſide, how do you get them in? 


9: A. Par- buckle them in with their heads aft on the poop, and get the fore 
en dad main runners on them for guys; laſh on two fourfold blocks, reeve the 
57 maſting- falls, get girt lines on the head of the ſheers to ſteady the maſt- head, 
AS put heel laſhings on the ſheers, with good oak planks under them, to 


tranſport them tagward on; laſh one of the fourfold blocks forward to the 


oy ſem, and bring the fall to the capſtan ; heave the ſheers high enough: when 
co done, I'll take forward two runners and tackles to aſſiſt the ſneers, take the 
Fa mizen-maſt firſt in, then raiſe the ſheers erect, take in the main-maſt, bowſe 


maſt. ö | 
9. How do you rigg a lower maſt ? 


A. I will laſh on the girt-line-blocks, put on the bolſters, parcel and 


the ſtarboard-ſhrouds, then the larboard, and ſo on; then the ſtay and 
ſpring ſtay, ſeize in the dead eyes for the ſhrouds, and the harts for the ſtay, 
reve the lanyards, ſet up the rigging, get the top over head, and bolt it, 
rattle down the ſhrouds, and feize on the cat-harpin-legs, hook the futtock 
ſarouds, and hitch them, ſeize down the ends, laſh the hanging jeer blocks 
under the top, with the ſtrops under the ſtays, lead up and lath to the maſt- 
bead, get the cap into the top for the head of the top-maſt, and laſh the 
blocks on for the main- lifts. 8 PE | | 
9. How do you get a top and cap over? | N 
A. Make faſt a girt line block, on each fide of the maſt-head, reeve the 
girt-lines, and paſs them under the top, and make them faſt to the after- 
part of the top, ſtop them to the bolt holes in the middle and fore-part of 
the top, then ſway away: when high enough, cut the upper ſtops, having 
guy on the after part of the top-brim, and the top will fall over the maſt- 
head, then lower away, and put it in its birth, haul upon the guy and bolt 


high enough, then place the cap on the maſt-head, and drive it down, 


Ho do you rig a main-top-maſt? 7 — 
A. I will tar the maſt-head, get the croſs-trees over, fix the holſters and 


parce] them, put over burton-pendants, then the ſhrouds, breaſt-back-ſtay, 


twice broper and ſpring- ſtay, and cap, ſway up the maſt and fid ir, ſeize in the 


en ſeite dead ey es, ſtay the maſt, ſet up the ſhrouds, rattle them down, laſn the 


he lea- bullock-blocks to the maſt. head. 

ſelicel BY ©: How do you rig a top-gallant maſt ? 
| t ; ; ö | 0 
A. I will 


the heels of the ſheers forward, and keep them upright to take in the fore- 


tar them, put over the runner and tackle-pendants, then the foremoſt of 


u, lay the cap ſteady over the treſſel- trees for the top-maſt head, to receive 
t; when the top-maſt-head is through it, laſh the cap to the rop-maſt till 
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it down, and having put over the horſes, make the top- ropa ſaſt to the 
middle of the yard, ſtoppipg it to the yard- arm, ſway it up above the top, 


reeve the clue- lines, bunt lines and reef. tackles. 


ſway it up on the cap, and rig the yard arms, by putting on the brace. 
pendants and lifts, then eroſs the yard and parcel it. | 


preventer poſt to the upper part of the ſhip's ſtern poſt, then hook tackles at 


taking care not to touch the rudder, which will prevent the falſe itern-pot 
from rifing up or falling down. 5 | 
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A. I will ſend down the top-rope, reeve it through the ſheave-hole, and 
make it faſt round the hounds of the maſt, and ſtanding part of the rope, 
leaving enough end to make faft to the cap, which done, ſway away, when 
the bead is through the cap, make faſt the ſpare end or ſtanding part of 


the top- rope to the cap, cut the ſeizing, clap on the grommet, then the ſhrouds, 


back-ſtays and ſtay, ſway up the malt, fid it, and ſet the rigging up. 
9. How do you rig a bowſprit ? 1 | 
A. Iwill laſh the collar fore-ſtay for the bob-ſtays and bowſprit ſhrouds, 
then the collar for the ſpring ſtays, then the block for the top-maſt-ſtay, 
fix the man-rope, gammon the. bowſprit, and ſet bob-ſtays and ſhrouds up, 
9. How do you rig a jib boom? | ts 
A. I will put over the traveller, horſes, and guys, the top-gallant ſtay. 


block, and laſh on the blocks for the top-gallant-bowline, and jibb-down- 
| Hanl-block to the traveller. 1 | —) 


9. How do you rig a lower yard? | FH | 

A. Iwill get athwart the gunwhale, laſh the jeers, quarter clue-garnets, 
bunt-lines, leach-lines and flab-line-blocks, then put over the yard-arms | 
the horſes brace pendants, the yard tackle pendants, then the top fail ſheet, 
and lift-blocks, reeve the jeers, braces, liits, and yard-tacke falls, truſs 
parcels, ſway the yard up, and haul all taut. e _ 

9. How do you rig a tore top fail yard? Do " = 

A, Iwill reeve a hawler for a top- rope, through the bullock block, and ſend 


put over the brace pendants and lift-blocks, reevye the lifts and braces, cutthe 
yard-arm-ſeizing, and croſs the yard, laſh the tye, bunt-line and clue. line 
blocks, reeve the tye aud halyards, ſway it up above the cap, and parcel it, 


9. How do you rig a top-gallant-yard ? 


A. I will ſeize the clue-line-blocks on, put the horſes over the yard-arms, 


| pl You have loſt your rudder at ſca, what method will you take to ſteer 
the ſhip ? | 5 | | 
A. I will take a large ſpar, or part of a top-maſt, and cut it flat in the 
form of a ſtern-poſt, bore holes at proper diſtances in that part which is to 
be the fore part of the preventer, or additional ftern-poſt, then take the 
thickeſt plank IT have on board, and make it as near as I can into the form 
of a rudder, bore holes at proper diſtances in the fore part of it, and in the 
after-part of the preventer-itern to correſpond with each other; and reeve 
rope grammots through thoſe holes in the rudder and after-part of the ſtern: 
poſt for the rudder to play upon. 15 | TE. 
Through the preventer-ſtern poſt reeve guys, and at the fore-part of them 
fix tackles, and then put the machine over-board; when 1 get 1t in propel 
ſition or in a line with the ſhip's ſtern-poſt, laſh the upper part of th: 


or near the main-chains, and bowie tapt on the guys to confine it to the 
lower part of the preventer ſtern-poſt ;—having holes bored through the 
preventer and pfoper ſtern poſt, I will run an iron bolt through both, 


Buy the guys on the after-part of the rudder, and tackles fixed to then, 
I may ſteer the ſhip, I mult take care to bowſe taut the tackles on tis 
preventer ſtern poſt to Keep it cloſe to the proper ſtern- poſt. 


3 


; 


on” 


9, Your ſhip is leaky, you cannot keep her free by the pumps, what 
will you do? 8 5 „ 

4.1 will take a ſpare top-ſail, or ſome other ſail, and ſpread it upon the 
deck, cover it all over with cakum, and bind it to the ſail with a needle and 
twine in ſeveral places to keep it faſt to the fail, then take an hawſer and 
cut it into proper lengths to go under the ſhip's bottom, and come in over 
the gunnel, put theſe hawſers about four feet diſtant under the ſail, and 
make them faſt with their middle to the middle of the ſails, each leach 


beginning at the head and leaving off at the clues :— Then put the ſail over 


board, keeping the oakum fide to the ſhip's bottom, and haul up the ends 
of the hauſers on the other fide by a hauling line which I have (wept the 


ſhip with, Ig each end fore and aft; then eaſe away on the haw- 
id 


ſers ends on that fide J have put the fail over, and keep hauling at the 
ſame time on the hawſer's ends on the oppoſite ſide when the ſail is pro- 
perly down, which is known by marking the hawſer, I will then clap on 


tackles and bowſe all taut, keeping the fail cloſe to the ſhip's bottom the 


oakum will be drawn in, and ſtop the leak. The fail may be covered with 
torſe dung or any filth I have on board, which will be drawn in and ſtop 
the leak. - 8 0 . | 

9. Suppoſe the wind northerly, and you were in a ſhip's hawſe in the 
Downs, what would you do? , „„ | 

4. I would wait until the ſffip tends to windward, and keave up my 
anchor as ſhe is tending, | | 

9. How w 
ely ? | 


J. I would land to the Goodwin Sand in 10 or 1 1 fathoms, it being | 
ſteep too; and to the ſhore in 8 fathoms water. | N FE 


9. Is there any danger in Going out of the Downs? | 

A, Yes; between Deal and Walmer Caſtles there are ſhoals near the 
ſore, not having more than 16 or 17 feet of water on them at ſpring tides; 
as I draw towards the Foreland, I would ſtand in ſhore, to 10 or 9 tathoms, 


and off to the South Sand-head, Upper Deal and Walmer Caſtles in one, 


will lead me clear off; Deal Church being open with Walmer Caſtle about 


a ſhip's length, I muſt ſtand out till I bring the lights in one, then I am 
clear off the South Sand-head; and when the light-houſe opens to the 
weſtward of Folkſtone Church with Hay Clifts, it leads me clear. I muſt 
take care not to ſhut in the Hope-land, and the Schth Sand-head will lie 
of three miles.—To fail out of the Downs to the weſtward, and the wind 


td, W. I will begin to unmoor at a quarter flood, weigh at high water, 


and caſt her in ſhore. But to fail to the eaſtward with the wind weſterly, 1 
would begin to unmoor at half ebb, take up my beſt bower, and welgh at 
low water. VVV 1 | 


* 


du in, at what time of the tide would you weigh; 
4. At {lack water, looſe the ſails and up anchor. | 
D Wharare the marks for running through the Gull Stream? 
A, To keep the upper light-houſe on the South Foreland, in one with 
be weſteramoſt end of the Southernmoſt clift in Old Stains Bay ; which is a 


9. The wind at N. E. in moderate weather you mean to turn up the 


lwamp that lies bets cen the two clifts a large half mile to the ſouthward of 


Lingldown upon the South Foreland. | 
Y How do you know when you can weather the South Sand-head ? 
4, When Upper Deal Mill is open to the Southward of Walmer Caflle, 
or when the light-houſes are in one, and Folkſtoue Church is open with 
Hay-Clitt, I am clear, L „„ 


V Suppoſe 


YOUNG SEA OFFICER. 30 


ould you work a ſhip out of the Downs with the wiad ſouth» 


avoid Pemſcy Shoal, which lies about two miles off the ſhore, with Pemſey 


 Owers than 18 or 20 fathoms. 
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: 9. Suppoſe you were coming into the Downs with the wind at S. W. 
blowing hard, which way would you lay your ſhip's head to bring her up? 

A. I would lay the ſhip's head to the eaſtward; and come to with my beſt 
bower, but if with the ſmall b ower, I would have her head in ſhore. 

For what reaſon would you do ſo ? 

F x ſhovld then keep the cable clear of the cut-water. 

D What is the courſe from the South Foreland to Dangeneſs, and what 
are the dangers ? 

A. From the South Foreland to > Dungeneſs, the courſe is S. W. by W. 

ZW. diftance 7 leagues. * 


cw * at r 


The Ripraps lie N. E. and 8. W. about 5 leagues in length, the N. E. 
End bears from Dover Caſtle S. S. E. 4 leagues, from Folkſtone S. E. by 
8. Calais ſteeple bears from it S. E. and Calais Clifts S. S. E. 3 leagues, 
the S. W. end bears from Dungeneſs E. S. E. 4 leagucs, on the N. E. part 
there are about 15 cr 16 feet at low water, on the S. W. end 4 or 5 fathoms, l 
it is ſteep too on both ſides, having 20 and 22 fathoms cloſe to it, To the 0 
veitward of Folkfione, there is a ledge of rocks that runs a large mile of k 
the thore, I would come no nearer in than 14 fathoms. 0 
About 4 miles E. by N. from Dungenels, there is a ſhoal with not more D 
than 12 fect on it, which I thall avoid by keeping in 10 fathoms. 
2. Where will you anchor, and in what gep thot Agter under Dungeneſs? ke 
[4. I weu!d anchor with the Neſs N08 W. by W. the light-houje W. 15 
„W. athwart Romney Town, in 8, or 10 fathom Water. 4 oy 
There is a ſhoal about two miles to ike weſtwarck af the Neſs, with a an 
18 feet on it at low ſpring tides, the Nes Light bears from i it N. E. * : 
12 fathoms cloſe to it. mi. 
2. What is the courſe Hom Dungenefs to | Deadhy-head a and what are bei 
the dangers? = 
lit 


1 8. ae about nine leagues, C 

Off the high land of Farleigh there is a ſhoal of rocky ground with 14 | 
feet on it, and lies pretty cloſe in. In the channel off Dungeneſs, there is 
24 fathoms and off Beachy.head, from 26 to 3o fathoms; 1 will, in thick. 
Weather, keep in 15 or 20 5 from the Neſs to Beachy- head. When 
1 de eepen my water, haul to the Northward, but if I ſhoa: it, haul to the 
Southward. In clear weather I may ſtand in ſhore until Beach-head bears 
W. by N. and not have leſs than 10 fathoms of water, muſt then tack ta 


Church beating N. and Beachy-head W. by S. 14 feet on it. 

here is a Gal with 14 feet on it, and lies with Beachy-head W. 2 N. 
12 miles; E. by S. 6 miles from Beachy -hcad is the Horſe of as co 
a mall ſhoal, having 15 fect on it at low water. 

8845 Being 0 off Beachy- 1 at the cloſe of a winter's. evan in a gale of 
1885 at N. E. bound to 8 pithead, what is beſt to be done ? 

A. I would he to with my hiv” s head to the N. N. W. till morning, 
than ſhe will drive about a ane! courſe at the rate of two knots an hour, 
allowing that what ſhe would looſe in the ebb, ſhe would gain 1n the flood, 
and be in a fair way in the morning; I would come no n-arer to the 


2. What is the courſe and 4 0 angers pe twoen Beachy- head an. 4 Dunnoſe! 
A. The courſe i, W. by N. 4 N. diſtance about 20 leagues. 
The dangers are, Owers; the mark to go clear off the ealt part of them, 


is the white way on Brow Hill in one wv ith Cbicheſter Church, a little f 
| | [oy 
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the eaſtward of Pegham Church, and the mark to clear the weſt-end, is St. 
£] Kook's Hill in one with Chicheſter Church, they bear from Culver Cliff 
l E. S. E. 2 S. about 4 leagues; there is a floating light on them which has been 


frifted ſeveral times; in going down Channel, if 1 keep Dunnole W. N. W. 
Northerly, will carry me without them, I will come no wearer to them in 

thick weather than 18 or 20 fathoms. *  _ | „ 
2. Vou are coming from the weſtward and off Dunnoſe, what would you do? 


0 A. I would ſteer N. E. keeping Sandown Caſtle clear of Culver Cliff 
i earing W. by N. then I may run in between Bembridge Ledge and the 

: Princeiſa Shoal, but with a ſhip of a great draught of water, it is beft to go 
F. without the Princeſſa Shoal, until I get the Kickergill on the 8. W. part 
2 of Monkton Fort, and run into Spithead between the Buoy of the Dean and 
. the Buoy of the Warner. | os 1 
5 N. B. In going for Spithead from the eaſtward, there are 5 black buoys + 
wn, lying on the Dean and Horſe, they'muſt be all left on the ſtarboard fide, the 


"2a outer one is called the Eaſt Buoy of Dean, it lies in 27 feet water, the marks 
| for it are, the flagſtaff of Portſmouth platform, a little open to the weſtward 
of a round ſentry-box off South Sea Caſtle, bearing N. by W. 3 W. with 
Donnoſe open of Culver Cliff. 5 | 

From the outer buoy to the hegt is W. N. W. about one mile and a quar- 
{62 ter, it lies in 6 fathomeg the thay 


thomss the the formerly the firſt buoy of the Dean, 
W. li-s in 4 fathoms; the häoy of 


oy 


buoy about 145 mile, from the th 


„ 


the fourth or Elbow buoy, is S. E. 


of zud N. W.; it hes in three fathoff POS»... | | SE 
V. The Buoy. of the-Horſe bears bm the third buoy N. N. W. about 12 


mile, and lieg in 32 fathoms; from this laſt buoy to the firſt buoy of Stur- 
1 bridge, is W. 4 N. the Royal George lies in 13 fathoms, 2 of a mile to the 

N. W. of the Edgar, the buoy of the Royal George, that of Nomian's Land, 
and the Kickergill, lie in a line. 78 


The two huoys of the Princeſſa Shoal, lie N. E. by N. and 8. W. by 8. 


— 
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50 15 of each other, diſtance about a mile; they lie each in five fathoms with 48 
Vick between them, the marks for the inner bucy, which is white, ate Sandown 
Then Cattle in one with Culver White Cliff, and Nettleſtone print on Bembndge © 


Point, the buoy of Bembridge Ledge is black, and the Nob buoy is red, they 
lie E. N. E. and W. S. W. of each other, with Dannoſe open of Culver Cliffs. 


Years | 
k ta Y. Suppoſe you were to the Northward df Bembridge Point, bound to 
mſey MW Spunead, and the buoys were all gone, what would you do? : 


A. I would bring St. Helen's Church to bear W. and keep in twelve 
fathoms, and ſteer N. by W. towards the Dean, keeping Aſhdown mark 
adore the trees, will lead me into Spithead abreaſt of Ride; if it is thick 
weather and the wind ſoutherly, I will come no ncarer to Bembridge Ledge 
tan Hx fathoms, and ſteer N. W. by N. but if the wind is on the other 
ble, i would come no nearer the Dean and Horſe than o fathoms; obſerve 
ug the courſe and tides, I will anchor at Spithead with South-Sea Caſtle N. 
„. by E. and the Kicker Point N. W. in 14 tathoms. Eaſt India-men and 
Merchant ſhips'genetally anchor on the Mother Bank to the weſtward of the 
du: bridge buoy in 10 or T5 fathoms; if Jam obliged to turn into Spit- 
heal, I may turn the Kickergill on each fide of Fort Monkton and come 
n nearer the Warner than 12 fathoins, nor to the Dean than g or 10 fa- 
i10ms, nor to Noman's Land than 16 or 18 fathems, being cloſe to it. 

2. How do you come to anchor at St. Helen's? | 


I 

7 N. 
gton, 
le of 
ning, 
hout, 
flood, 
0 the 


noſe! 


tile to . 4. 1 would keep Sandown Caſtle juſt open of Culver Cliffs, and bring St. 
the elen's Church a fail's breadth open of the Red Cliffs of Bembridge Point, 
ud anchor in 8 or 9 tathoms, | | 
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tle N. W. In ſailing out of Portland Road, I muſt keep Week Church open 


me | - EXAMINATION OF A. 


2. Suppoſe you were moored at Spithead with a cable and an. half on the 
beſt bower, and. one on the ſmall bower, you have orders to fail, at what 
5 of the tide would you unmoor, and which anchor would you take up 
it - : © : 5 
A. I would begin to unmoor at the firſt of the flood, and take up my 


ſmall bower firſt. 


2. In failing within the Iſle of Wight and through the Needles, what 
are your obſervations ? 5 Ee 75 N 

A. To keep clear of the Weſt Middle, I would keep South Sea Caſtle 2 
ſail's breadth open of the Kicker Point until I open Weſt Cowes Caſtle, 
then ſteer directly for Hurſt Caſtle, and when abreaſt of it, dorrow pretty 
near it, then. ſteer for the Needles Point; the leading mark throuph tie 
Needles is the Light-houſe in one with Hurſt Caſtle, bearing N. E. by 
E. * E. T mult be careful to keep the Vanes of the Windmill which ſtands 
on the iſland in fight, to keep me clear of Wardings Ledge; great regard 
muſt be had to the tides, for the flood ſets on the Needles, and the ebb on 
the Shingles with great velocity. N. B. To the northward of the Wet 
Middle lies the Bramble; the Bramble and Weſt Middle have each two 


buoys on them; if I ſail to the northward of the Weſt Middle, I muſt (il 


between it and the Bramble, leaving the Bramble on the ſtarboard fide ; when 
I came to Weſt Cowes Caſtle, I muſt give it a good birth, as there is a 
ledge of rocks that lie off it: Warding Rock lies on the Hand Side with a 
buoy on it, when I come near the Needles, muſt give them. a good birth to 
avoid the Chalk Rock“. | „„ | 7 

2. What is your courſe from Dunnoſe to Portland ? 

A. W. by N. 16 leagues. 5 | 

2. If you are forced into Portland, what precautions are neceffary ? 

A. I muſt take care of the Shambles, they bear from Portland Lights, WW © 
which lie north and ſouth of each other; N. W. by W. 4 miles with only t 


14 feet on them at low water; to fail into the Road from the weſtward, dl 
I muſt keep cloſe to the Bill, and keep my lead goiug; when I am round th 
the Eaſt Point, haul up and anchor againſt the Pier, in q or 10 fathome, to 
with che Bill bearing S.S. E. Portland Caſtle S. S. W. and Wey mouth Cal- 2 


ot the Stone Pier, and that will carry me clear to the eaſtward of the Shambles. da 
It flows hard from the Road to the Bill E. S. E. 7 hours, and the flood he; 

| ſets right of the Bill g hours. | 5 N 8 
N. B. Ia caſe I ſhould be embayed to the weſtward of Portland, and n0 E 
poſſibility of getting out between Burton and Chiſwell, where it ebbs g hours pe 
and flows only 3 hours, there is a ſteep beach of pebbles, I would there tun Nay 
my ſhip on ſhore with as much fail as I could carry, eſpecially at the begin- into 
ning of an ebb, and remain on board for three or four ſeas, when I may get s a 
on ſhore with ſafety. | % Ct, 1 
2. What is the courſe from Portland to Torbay, and how do you anchor Wi St.) 
there? =o | | | 0 „„ | and | 
A. The courſe is W. N. W. and diſtance about 14 leagues; to anchor Wi {und 

in the bay, I would bring the Berry Head to bear S. by E. or $.5. E. and V. 
Brixham Church on with the Pier Head; the beſt anchoring for ſmall ſh! Falm 


is 14 miles from Brixham Pier Head, in 7 fathoms, 


D. What is your courſe from the Berry Head to the Start? 2. 
A. S. W. about 6 leagues. N | = 
9, Is there any danger near the Start? 


For a more particular account, ſee the Dia rc Tioxs publiſhed by Jon x HAMIL T5 3 
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J. Yes, about two miles to the eaſtward of the Start, there is a ſhoal 
with not more than 3 fathoms on it, the Bolt Head being kept open of the 
Start Point will carry me clear of it. Tk | 
2: What is your courſe from the Start to the Ediftone ? 
A. W. 2 S. 7 leagues. . 0 
9, What is your courſe from the Start to Ramhead ? 
A. W. N. W. 7 leagues. 5 5 


2. What is to. be obſerved in failing into Plymouth Sound? 


A. If coming from the weſtward and am got round the Ramhead, I muft 


give Penlee Point a good birth, by reaſon of a ledge of rocks that lies off 


ſrom it, then haul N. N. E. E. for anchoring, the leading mark in is 
Plymouth Church, open with the weſt part of the Citadel. 


In going into the Sound I may anchor in Cauſand Bay, in 20 fathoms, 


oth Penlee Point S. W. and the town of Canfand W. N. W. 


The leading mark to carry me in between the Knap and Shovel, is Ply- 
mouth old Church, on with a white patch. on the Hoa. | < 
I may go into the Sound on the eaſt fide, between the Tinker and Shag- 


ſtone, by keeping Mount Batton a ſail's breadth open of Staden Point, and 


keep in that direftion until Maker's Church bears N. W. and Withy Edge 
open, then haul over to the eaſtward and anchor. Mm 

2. How do you fail into Hamoaze? DE 

4, I would kecp Kingſand open of Redding Point, until the large Houſe 
x! Stoke touches the Eaft fide of Mill Bay; ſteer in until the Obeliſk comes 
on with. Block Houſe Point; keep in that direction, till the eaſternmaſt 
Summer Houſe on Mount Edgecomb Side comes open with the point within 
which it ſtands; then ſteer for it, until the eaft point of Mount Wiſe comes 
open with Biock-houſe Point; then fteer mid- channel for Ston:-houſe Pool, 
all Drake's Iſland is ſnat within Block-houſe Point: I muſt not open it till 
South Down comes open with the Obeliſk, then ſteer up the harbour with 
the ſide of Drake's Iſland juſt touching Paſſage Point, which will lead me 
to the ſouthward of the Harbour ſhoal, on the outer part of which there 1s a 
tock, with only 16 feet on it, but on any other part, there is 3+ fathoms. 

N. B. The marks to know the Sound when IT am coming from ſea in the 
day time, are, Ram Church, which ſtands to the northward of the Ram- 
head, and a ſquare tower ſtanding on the higheſt part of the land. | 

2. You are bound into Falmouth, how would you proceed? 7 
A. In going to Falmouth, there is a rock, called the Block Rock, with 
s pole on it, and ſhews itſelf at half nde; it lies neareſt to the weſt ſhore; I 
may fail in on either {ide of it, but the eaſt ſide is the beſt. If I would fail 
into Carrick Road, I muſt keep in the fair way, and my lead going, as there 
is an1rrow deep channel all the way, of 16 or 18 fathoms. I may borrow on 
*t. Maw's fide in 5 or 6 fathom. The beſt anchoring in Curick Road, is 
dt. Maw's Caſtle E. S. E. an! lay my eaſternmoſt anchor in 16 or 18 fathoms, 
and my weſternmoſt anchor in 4 or 5 fathoms. Juſt paſt St. Maw's there is a 
Und that is ſteep to, called St. Maw's Sand, and lies almoſt half channel over. 

V. B. Great ſhips anchor, with Manacie Point, on with the Point of 
Falmouth, or a great houſe, that is to the weſtward of Penryn, jult open 
Tretuſis Point in 18 fathoms— The Manacles lie from Falmouth about S. S. E. 

2. How do you know the Lizard when you firſt make it? : 

4. It is the ſouthernmoſt land on the coaſt, and may be ſeen 7 or 8 leagues 
of, in 42 fathoms. „„ | 5 

2. How does the Land's. End appear when you make it ? | 

4. It appears in hummocks with a church on-it, aud may be ſeen 7 or 8 


2purs off, in 54 fathoms. 
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2. What are the dangers off the Land's End ? 


A. Many: — iſt, The Runnel-ſtone lies oe” 16 8 8. W. from 
| Tol. -peden- penwith. 


. * ; 


2d, N. E. by N. from the Runnel-ſtone there is a rock, called the Leaw. 
mean, which appears at half ebb, with a paſſage between it and the main, 


ſeldom uſed by any but coaſters. , 
34, The Wolf Rock; brars from the Land's-End S. W. by W. nene 


3 leagues; ; it is {mal and may be ſeen at halt tide; the largeſt of the Brazen 
Rocks, kept open of the outermoſt of the Long Ships (en which there is a 


tight-houje erected) will lead me clean to the weſtward of the Wolf. 


4th, The Long Ships lie N. W. by N. about 3 miles from the S. W. point 


are high, and may be ſeen 4 or 5 leagues off. 


of the Land's End, and 1 mile W. N. W. from the weſternmoſt point; they 


5th, The Kettle bottom, is a ſhoal with only 6 feet on it, and lies about 
half-way between the northernmoſt part « of the Long Ships, and the weſt 


point of the Land's End. 


6th, The Breſam Rocks lie about 3 miles N. E. by N. from the Long Ships, 
7th, The Seven Stones are a row of rocks that come not above water, but 
the fea always breaks over them; they lie from the Land's End W. S. W. 38. 


choring ground ? 


A. Mount's Bay lies betas the Lizard and the Land ; Fad ; ; there is. 


dift. 7 leagues; and from St. Martin's Head , Scilly, N. N. E. diſt. 3 leagues, 
2. It you are. forced into Mount's Bay, where would be the fatelt as 


a high Ifland on the eaft tice, and a Cattle on the weft fide of it, called St, 
Michael's Mount; from the eaſt fide of it hes a ledge of rocks, near a league 


into the ſea ; the Coaſt is {ull of rocks, and not ſafe to anchor 1n. 


To fail 


into the Bay I muſt bring St. Paul's Steeple W. and keep over to the welt 
ſhore, and make St. Clement's Iſland, which is before the town of Mouſe— 
hole, having the caſtle on the ſtarboard tide; I ſhall then ſee a large ſandy 
bay, and, when within the Iiland, there is a good anchoring in 7 or 8 fa- 


thoms, land. locked from all 1 but 2 8. E. wind. 


2. If you are bound, or forced to go into Scilly, what would you doe 
A. 1 would ficer for St. Mary's Sound, and run in for the ſouthernmo! 


point of St. Mary's Iſland, called Penninis Point, minding to keep the lead 
going, and approach” no nearer than 5 fathoms water; about N. W. 
Pelniais Point, a little more thau halt a mile, is the Woolpack, the ſhoal les. 


of 


near to the ſhore; I muſt continue to run in 5 or 6 fathoms, keeping pretty 


a mile W-by S. from P-nninis Point; 


- cloſe to St, Mary's Illand, to avoig the Spanith Ledge, which lies ab! Hut half 
ſome part of this ſhoal may be ſeen 


at low water, and part of the Woolpack ſhews itſelf before lou water; 
when I have got abteaſt of the Wootpack, to which I muſt give a good birth, 
avour-a sable's length, and ſteer for the Steve] Rock which is bold to; When 
I am abrealt of the Stevel, mutt tteer N. W. by W. until little Crow "JAand 


comes on with Bantſcarren Point; 


comes open a thip's length of Bantſcarten Point, or bring the caſlle, 
to bear 8. S. E. and anchor in 6 or 5 {ations 


- ws 8 þ 2 ' «ok 


is on St. Mary's liland, 


N. B. The foregoing Arg ions an d Arſwocrs hae ken exam g by ſer eral ext. 
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As Mariners know that their reckonin gs are always uncertain, in 


% 


jaſt departures, it is natural to ſuppoſe, that they muſt, when approachin 
to any difficult and dangerous navigation, experience great anxiety of mind 


for the iſſue. As the Britzſh Channel has proved fatal ty many, it may 


firly be ranked among thoſe places which are deemed dangerous to ſhips, 
in their approach after long paſſages; and, therefore, all thoſe who are en- 
truſted with the conducting of ſhips thro? it, ought to acquire ſuch knows 
ledge as may enable them to perform the dutics of their important office. 


Channel coafters, by the frequency of their paſſing and repaſſing through 


it, acquire ſuch knowledge, as thote who are employed in foreign voyages 


cannot pretend to: hence it becomes neceſſary to furniſh the latter with 


ſome uſeful information; more eſpecially, as it is next to impoſſible for 


the human mind, when engaged in various purſuits, to remember every . 
neceſſary article, ſuch as the courſe and diſtance from one place to another, 
the preciſe ſituation of rocks and ſhoals, and the direction and ftrength of 
the tide in the various places. Commanders of fhips, when coming from 


abroad, and about to enter the Britiſh Channel, mutt be exceedingly 


anxious to accompliſh the ultimate deſign of their voyage, by bringing 


their reſpective ſhips ſafely into port, To the aſſiſtance of ſuch, the fol- 
lowing obſervations are intended to contribute; they are founded on ex- 
pcrience, and will, if properly obſerved, prove highly ſerviceable; eſpe- 
cially when long nights, or thick weather, augment thoſe dangers which 
attend the Channel navigation. | | 


Ships, in approaching the Channel from a long paſſage, ſhould not only . 


ty for ſoundiags in time, but run, if poſſible, in the latitude of 499 25' 
North, Having, in that parallel, got ſoundings in $2 fathoms, fine white 
land with black and yellow ſpecks, you may be ſure that you are near the 


Outer edge of the bank; and about 50 leagues to the weſtward of Scilly. 


By running 16 or 17 leagues further tg the caitward, in the ſame parallel 
of latitude, you will have go fathoms, fine white ſand; and continuing 
t0 run 4 leayues more to the eaſtward, you will ſhoalen your. water to 82 
fihoms. Soon afterwards, you will have 72 and 75 fathoms, fine white 
nd with ſometimes a mixtufe of green; and in proceeding 16 or 17 leagues 

:urther to the caſtward, in this latitudes you will have 72, 75, 77, and 80 

tihoms, The foundings will be, for the moſt part, fine fand, but dif- 

erent in colour; ſome of them will be white fand, mixed with yellow +» 
becks; and others fine green fand, with ſome mud. In the latitude of 
23 North, and 61 leagues to the weſtward of Uſhant, lies the Sole 
ink, Ir ſtretches about $. S. E. and N. N. W. 12 leagues in length and 


z brradch; and has 64 fathoms on it, fine grey ſand, 
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| "RES The 12 are the 6 in the Parellel of 480 20, and 
—_ 20), with their ſeveral Depths of w1 ater ne Di BE from the 
Hand of * 
1 Dit. 9 i __ euvaliTY or THE SOUNDINGS. L in 
___ Usngnr:?. F Con. 
Leagues. 8 1 
532 — | Fine grey ſand, mined with black - - -92 
| | ng grey ſand, mixed with ſmall ſhells =d ES 
'4+ BY OY broken bits .. re 
8 46 — | Grey ſand, mixed with bits of brown ſhells - {| — 116 
EE -. "hw ſand, mixed with bits of DAT and 0 106 
4 ml 5 ns brown fand won hoes 
14180 — | Grey ſand, mixed with bits of ſhells RY gravel — 117 5 
37 — | Grey fand, mixed with ſhells and gravel — 104 
1 35 — ] Grey ſand, mixed with ſmall cornet chells — 0 
. 32 — | Sand, ed with gravel, ſhells, and ſmall cornets | — 108 
29 — | Whiziſh grey ſand and flat ſtones - [ — 108 
24 — | Light grey ſand, with bits of fhelly = = — 100 
21 — | Coarſe ſand, with bits of cockle ſhells - — 98 


24 Light grey ſand, with bits of brown and yel- 
4 1 : low ſhells, and ſmall tones *' » 4 
Light grey ſand, mixed with barley-beards - 


© Hrs 4. = 54 
| 1 — | Whiſh grey ſand, bits of ſhells and fine cornets — $0 
Light grey, ſand, mixed with HO beards 3 

2 Fears { ” and {mall ſhells | „ 
9 — | Fine grey ſand, with bits of ſhells - — 7 

> 15 fan: ſpotted with red, and mixed wich? 9 85 
1 bits of ſhell > Le, 
6 — Whitiſh coarſe ſhining | ſand, with Gn cells Hat — 70 
| Whitiſh coarſe ſhining ſagd, mes: with bar- 82 
25 4 leey beards and coral 3 7 — * 
33 Mhitiſh coarſe fand 5 8 — 64 
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"When running for the get 3 in latitude 492 2 * ATE is the bel 
latitude, and you have run fo far to the caſtward as to ſhoalen your water 
to 65 or 67 fathoms, and the ſoundings are ſhells ard ſmall yellow ſtones 
or red ſand, you may thence conc!ude that you are abreaſt of Scilly ; or if 
you have 68 fatboms, white ſand with grey ſpecks, and ſometimes ſhells 
ad ſtones, Scilly will then bear about N. E. from you, diſtance 10 leagues, 
Pour ſoundings will always inform you whether you are to the northward 
or ſouthward of Scilly. In the latitude of Scilly you will have oazey 
| ground, in 60, 65, 75, or 80 ſathoms. W. N. W. 10 leagues from Scilly, 
lies Jones's Bank, on which you will have but zo, 35, and 40 fathoms; 
2nd, a little to the ſouthward of it, you will have 52 and 45 tathoms. Ia 
runping for the chann-l, in the latitude of 49 30, you will have the fol- 
lowing depths of wa'er and ſoundings, when you are abreaſt Scilly ; name- 
1 Iy, 60 fathoms, oaze and broken ſhells; 64 tathoras, white ſand with grey” 
i' 8 how wal 65 fathoms, ſhells and 2 8 15 and $5 5 fathome, fine grey ſand. Ihe 
= ning 


pr 


— 
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ſoundings near Scilly, are very different from all others in this latitude: 
pieces of rotten rock as broad as a ſmall bean, and of a ſtone colour, Win 9 
come up with the lead, which will not he the caſe any where elſe in the”... WM 
ſame parallel. More to the ſouthward you will have deep water, with fins 


ſand, interſperſed with black ſpecks like ground pepper. In the night, or 


in foggy weather, you ſhould come no nearer Scilly than 60 fathoms; for, 
in that depth, you will not be more than 6 or 7 leagues from it. Abreaſt 


of Scilly, in the latitude of 49® 200, you will have 70 fathoms, branny or 
yellow and white ſand ; and to the eaſtward of Scilly, in the latitude of 49® 
8, you will have 56 or 58 fathoms, coarſe ſand. You ſhould then ſteer 
more to the northward, and endeavour to make the land about the Lizard ; 


you may ſafely make it in the night, as well as in the day, if the weather 


be clear: for the Lighthouſes ſtand ſo high, and the Coaſt is ſo clear, that 
you may, without danger, come within halt a mile of the point. If the 
weather proves ſo thick that you cannot ſafely make the land, come no 
nearer to the Lizard than 45 fathoms; for, in that depth you will not be 
more than three leagues off the point : your ſoundings there will be pebble 
ſtones and ſcallop ſhells. ; | 5 


Ships, when coming 1 


and ſhould they afterwards meet with thick weather, which frequently hap- 


| pens, they will not only know how to ſteer, but alſo how they advance up 


the channel, which will become more and more neceſſary in proportion to 


the contraction of its boundaries. Some, by neglecting this precaution, 


have, contrary to their expeRation, got on the ſouth ſide of the channel. 


This error is greatly owing to the ſtrong indraught between the iſlands of 8 


Guernſey and Jerſey, and the coaſt of Britanny, which ought always to be 
guarded againſt, eſpecially in thick weather. It frequently happens that 


| ſhips, coming into the channel, have not had an obſervation for ſome days 


back, which, together with the operation of ſcant and contrary winds, and 


the ſetting of the tides, tend to perplex and bewilder the moſt experienced 
mariner, when thick weather prevents him from getting a fight of the lan. 
The variation of the compaſs in the entrance of the channel, taken on board 


of his Majeſty's ſhip Europe, in October, 1782, was 232 14 W. but as the 


variation is continually increafing, at the rate of about a degree in every 


; years and a half, it will be neceſſary to add 11 minutes for every year, | > 
ſubſequent to the year 1782, which will give you the variation at any timg. 
pretty exact. | J AA 


| nto the channel, ought always, if poſſible, to make 
the land about the Lizard; becauſe it is the propereſt place for a land fall: 
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600. 001. % 20/120. 0% . 1 80/180. 03 L 42A. 24 1 300.05 1 
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Lat. DepDiſt Lat. Depf Diſt Lat. DepDiſt Lat. Dep Diſt Lat. Da 

01. .o] 61 61.0j02.1] 121120. 94. 2 1810180. 9ſ06. 30 2410240. 9,08. 

oz. oO. 1 62 62.002. 2] 22121. 904.3] 8218 1.96.4] 42241908. 

03. Mh. 1 63] 63. 002. 2] 23 122.904. 3] 830182. 906.4 430242. 9 ob. 

04+ ooo. 1 64 64.0002. 2] 24/123. 9%4. 3 84/183. 906.4] 44 243.908. 

og. co. 2] 65 65. oz. 3 25124904. 4] 85184. 906. 5] 45/244. 08.0 

06. ooo. 2] 66. 66.0j02.5} 2612.9 %. 4] 86185. 96. 51 46/2459 8.6 

07. . 2] 67 67. oo z. 3 27 126.9 04.4] 87186. 9.05. 5] 47 246.908. 

og. oſoo 34 68 68.002. 4] 28/127. 94.5 38187. 906. 6 4824.98. 

og. ooo. 34 69 69. 002.44 29 128.904. 5 89188. 906.6] 49 248.9 oB.) 

10. 0120-30 70| 70-0102.4 30 129. 9% 4. 6 „e889. 906.7] 50/249. 9/08. 

11. 0%. 44 71 71. 0%. 5 1371 130,9 4.6 197/196. 9067 251 250.8 00 

12700. 4] 72 72. 0o2z. 5 32 131.9 04.6] g2j191.9106.7] 520251. 868. 

4 73] 73-0192-5} 334 132-9j94+7 792.906. 8] 53/252. 808. 

14. %. 5] 74 74. Oo. 6 341133-914-7] 94/193. 9% 6.8] 54253. 88.) 

45. Oo. 5 75] 75˙ %. 6 ,351134-91:4+7] 9194.96. 8] 55/254.803. 

16.0j0.6] 76 76. 002. 7] 3613594. 8] 995.906. 9] 5.25509. 

12. . 6 77 77-0j02.7] 37136.9½% 4.8 97196. 906.9 57/256. 800.0 

18. oſoo. 6 7878. Cz. 7 38137.9 4.8] 98197. 906.5 580257. 809.6 

19.0j00.7 79 79.0j02.8 39 138.904. 99 198.907 59258. 8ſog. 

20. oſoo. 7] 80 So. oſoz. 88 30/139. 9%. % 20099. 7. c 50259. 8 9.1 

21. [o 0. 7 81 81.002. 8 141 140.9 04.91 201 200. 907. 251 260.8507 

22. O. 8] 82] 81.902. 9 42/41. 9%. 0 o2j201.g9j07:1] 620261. 89. 

| 23.0j00,8 83] 32.9102.9 43] 142-y]05.c] orj202.9107.1 62[262.8[09.2 

| 24. % 8] $41 83.9029] 44] 143-9ſ25.cf 64/203. 97. 1 641253.8109.2 

2525. fg. 9 85.84.93. 45744. 9%0 5. 1] os 204.907 2] 65/264. 889.3 

5 26. 0. 9 86 85.903. 0 4045.9 % 5. 1 0205.97. 2] 661265. So.; 

| | 27. 0%. 9 $87] 86.903. 0 47146.9%5. 1 0/206. 907. 2] 67/266. 8109.7 

5 28.0j1:0 $8] 87.9]03-1] 4$þ147-9|>5.2} os 207. 907. 3] 68[267,810g.4 

1 29.001. 0 89 88.9031] 49148. 9%. 2] ©: 208.907. 34 6/268 8109.4 

' | 30.0101.1 9c F#.9 03.1] gol 149-9j05.390 10 209. 9}27 4 70269. 809. ; 

| 31.0 2 1 91} 90.9032 151 150.905. 3 2210210. 907. 4] 2710270. 8j0g.; 

* 31.0191. 1 92 91.9032 521151. 905.31 12 211.9 07.4 72 271. 8ſog. 5 

33.01.24 93 92.9032] 531152.9 05-4] 13J212. 9/07. 5] 73/272. 8009.6 

N 021. - . 995.4 14 213-9127+5 74 273. 8009.0 

75 5.0 3 154.905. 44 1214.97. 5] 75/274. 800.6 

+ 3 «9103. 05.51 1nt|215.9197-0] 56127548[09.7 

| .cjÞI. 903.4 905. 5 174216. 9197-6] 77276. 809. 

; 4 d : 2 905.5]  12[217.9 97-bl 98[277.8[0y.7 

tf ai . : | 905.6 2cj218.9}97-7] 7; 278.8[09.8 

7 5 . | 1 9.905. 61 2c 2199227 801279 8109.3 

| | 5 1. ; : ; . 405.0 22 2209907 · 281 280.8 09.8 

1 b . 01. . f 905.71 22 221.907. 82281. 809. 

= | 43« ; + 9123+ 162.905. 7 230/222 9/07. 8] 851252+8109.9 

5 a 91. 903.6 905.7] 240223. 907. 8] 841283+2109-5 

. 45.0. ; « -9195+8} 2224.9 97.9] 86/284. 810. 

II 46 cor. a 5 905.8] 260225. 907.9] 86285. 800. 

n | R | ; p -9 195.8] 27226. 97.5 * 286.8010. 

48. . 9 N 8 195.9 28227. 9 08. O 287.8|1041 

1 ö f 98. . 95.9 20 228.9 O08. o 85 288.8 10. 1 

149 | > . ; . .9106.0 30 229. 998. 1. oc 2895 10+? 

511 O 10. ; - Ode C 231 230. 9 0. 291 290.8 10.2 

52 8 : (112. Ty | 96.0] 32[231.9/08.1f 92291. 910-2 

| 53 53- ; . 906. 1 4331232-9ſ03.2] 93/292. 801 

| . 91 ; G 173˙ 06.1 34233. 9 08.24 94 293˙8 it 

11 of . 75 9196.1] 351234.9/98-2] g5[294; 5/1 3 

= Of 1 1 | | 06.2] 3t}235-9j08.3] 9629581054 

| 57. 01 21 5 1 26:2] 37 236.908. 3 9 296.8004 

8 00 | 4 6. 24 380237.9%08.3J 980297˙ 8/4 

| 9. | . 06. 3J 390238. 908.44 9298.801055 

e. ; a 9 6. 34 40239. 9J08.4J 3000299818 
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Tasre HI. Difference of Latitude and Departure for 4 Degrees, 


tor 86 Degrees. 9 


— —— = — 
DiflLat.|DepJDit| Lat..|Dep[Dift| Lat. | Dep[Di| Lat. Dep[Dit Lor. [Dep | S 
101. oo. 1 61 60.904. 3 121120. 708. 4J 151}180.6]r2.6f 2411240. 4116.3 
2002. [o. 1 62] 61.964. 3] 22121. 708.5] 82J181.60(12.7J 42241. 4 16.9 
303. 0%. 2] 63 62. 84.4] 23122. 08.6] 83/182. 612.8] 43242. 4 16.9 
4404. oo. 31 64 63.84. 5] 24/123. 708.6] 84/183. 612.8 441243-4 17.0 
5 os. ooo. 34 65] 64. 8e. 5 25/1247 08.74 85/7184.612.9 *45[244.4/17.1| 
506. %% 4] 66 65. 804 6] 26/125. 08.8] 86185. 613.0/ 462454171 
7107.0100-5] 67] 66.8 04.7] 27/126. 08.9 87/186. 613.0 47246. 47). 
808. o oo. 66 68] 67. 84.7] 28127. 708.9] 88187. 513.1] 48247. 17.3 
g/09.0j00.6] 6988-8 4.8] 29128. 709. 89188. 513.2] 40 248.41). 
191. 0% 7] 70 . 5104.9] . 301129-7[09-1]__90 189.5j13.2] 50[249.4{17.4 
1111. 000. 88 71 50.8 85.04 131 130.7 09.11 I911190.5113.3] 251 250.4775 
1212. 000, 8 72 71. 8 [or. o 32131.7 09.2] 92191. 5 13-4] $2[251.417.6 
13113. C09 73] 72.851] 33/732. 709.3] 9392.5 13.5] 5352.47. 
14,4. 001. 0 74} 73.8052] 341337993] © 941193-5f13 8 457 40%. 
1515. [o. 0 75] 74.8 18 35134. 709.4] 95/¼194. 573.6] 55025447. 
16016. 001. 1] 76 75.805. 31 36135.7 0%. 5 99198. 13.7. $61255.4117.8 
177. 001. 2] 77 76.865 4 37/736.7 09. 5 97196. 513.7] 571j256-4117.9 
18018. 001.3] 78 77.8[05.4] 380137.7 09.66 98197. 513.8] 582574018. 
19119. 0% 1.3] 79 78.805. 5 39[138.7109.7] 99198. 513.91 5g[253.418. 
200. 0% 1.4] 80 79.8105-6} 40/1397 8 2001199.5113.9] 60[259-4/18.1 
21 20.901. 5 $1] 80. S5 7 141140. 709. 8] 201200. 514. 0 251260. 41 
221.901. 5 82] 81.805. 7 2141.7 09.9 2201. 514.1] 62261. 418.3 
2322.91. 6 83 82.8 ſos 8] 43/142. 7 lo. o 3202. 514.1] 63262. 418. 
2423.9 %01. 7 84 83.805. 9] 44/143. 0.0 4203. 514.2] 64263.418. 
292491 85 84. 805.9] 45/1447 lo. 1] 5/204. 514.3 65 264.418. 
2625.9 1.8] $6] 85.86.00] 46{145.6j10.2 6/205. 514.4] 6626.48. 
27 26.901. 9] 87 86.806 1] 47/146. 610.2] 706. 514.4] 67266. 418.6 
28 27.9%. 0] 88 87. 806. 1] 48/147. 610. 34 08/207. 514. 5l 681[267.4118, 
29 28.9 2.0 389 88. 8 ſo6. 2] 49148610. 44 9908. 514.6 69 268.418. 
29.9 of 89.8 06.3] 50/149. 610. 50. 1/09. 5 14.6 70269. 4018. 
8 [06.441511 507610. 5 2114210. 514.7] 2711270. 3018. 
8 6. 44 520/1516110. 6 12211. 5014.8 7 271.301. 
856.5] 53152. 610.7] 180Kz12. 514.8 7302723019. 
3. 8 [o6. 6 54/153.60 10.7] 14/213. 514.9 74 273.3010. 
8 6. 6 55/154. 6010.8 18/2714. 5 15.0] 51274-3119. 
5. 806.7] 56067155. 610.9] 160215. 515.1] 61275-3115: 
806.8] 57/156. 610.9] 17/216. 5¼15˙1] 77276. 
.$jo6.8] 581157.6|11.c} 18/277. 5[15.2 78277. 
86.9 5958.606111] 19218. 515.34. 79278. 3%½ 
.$107.0] 6o[159.6]11.2] . 20]219.5}15-3]- 30027931 
; 80%. 151/760. 6 TT] 2210220 5115.4} 2811280. 309 
; .$107.1] 62[161.6|11.3] 22|221.5|15.5] 82[281. 5119 
: 807. 2J 63]162.6|11.4 31222.5|15 5 83 232.519 
: 807. 2] 641163.6|11.4] 24[223.5|15.6] $41283+-53/19 
; 707. 3] 051164.6|11.5] 25{j224.5|15.7] 8512845115 
> 7107.4} 66165. 6611.6] 26j|225.5}15.%] $61285. 319 
. $7107 5] 674166.6|11.6] 270226. 515.8 87 2.86. 5/2: 
i 707.5] 68167.6 611.7] 280227. 515.9 88 287.345 | 
; 7127-6] 691168.6|11.8}- 290228. 516.0 89288. 3/29 
| : 7197-7] __70 169.6}11.8] 30[229.4[16.0] goj289-329 
$1159.91j03-6] 111/110. 70%. 77167. 6611.9 231[230.4[16.1 2091 290, %% 
3251.9 03.6 1211.70. 8] 721[171.6|12.0] 320231416. 2] 9229130 51. 
3352.93. x3[112.7107.9] 73/772. 612.1] 33ʃ232.416.2] 93 292.35 5 8 0 
54153-9 03.38] 141113.7107.9] 741173.6[12.1] 34/233-4[16.3] 94 293-3453. 5 [> 
$5154-9 03.38]. 151[114.7|03.0} 751174.6|12.2 35234.4/16.4] 9594.30 54.5 [> 
$56155-9193-9] 26[115.7{08.3] 76175. 612. 3] 36[235.4|16.4| 961295-3W'/55-8jo- 
5756.9 04. 0 17/116.7 08. 2 7776. 612.3] 37236. 416. 5] 97296. 3% 56.8 
5857. 9%. 0 1811.78. 2J 781177.6|12.4] 38[237.4|16.6 98/2973 57+ $12< 
59 58.904. 1 19 118.7 8.3 7978.6 12.5 39123$.4|16.7]- 99 298. | 58.8 5 
j ee 
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TABLE III. ThScrence of Latitude and Departure for 8 Degrees, DR 
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TABLE TH Difference of Latitude and Departure for 9 Degrees. 
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4.4] 88 86.53.80 4801762 23.1] 080205432. 5] 68647419 
6.04. 5 39 $7:9113.9] 447.2235 09/06. 432.7] 69]265-7]42-1 If 
64.7] 90 S8-9[14.1} 5 143.2/23-5] 1002.32.88 70 266.7142.2 || 
.6jo4.8] 91 89.914!2 1514149. 1123-6] 2111208.4133-c} 271 267. 714254 | 
605. o g2| 92-9[14.4] 52115011238] 12 109+ 433˙2 72|268.7[42.5 
6053.2] 93] 91-9114.5] 53j151+1123-9] 151210-4j33-3] 73 269.6[42.7 | 
2.6 05.31 94 92 8114.7 94152.1/ 241 14.211.433 5] 74 Z70 6 42.9 | 
655.51 95 93 8014.9] 55}153-2j24++-2] 151212 4433-6] 75[271-6[43-0 
5-bſog.6] 96 94-8[15.0], 561154+-1124+4} 160213 3133-8 76[272.6[43+2 
505.8 97 95-$j15.2h 571155 2124-6] 17/214.3133-9] 77 1273-61433 
55. 9] 93} 96-8{15.3] 58/156-1/24+7] 18[215.3]34-1] 781274-6]43. 5" 
506. 1] 99 97-8[15.5] 59[157-0124-9f 19/210.3134-3Þ 792756043. 6 
9. 506. 3 100 98. 8156 158.0 291 2042173 4-4] 80 276.642. 8 
* | 15.81 1611159.c}25+24 2212 $. 5134.6 281(277+5[43-9 
16.0] 62(160.c[25+3] 2212194 3}34- 7] 82278. 5144: 1 
16*1] 63)iE1.cj25-5 25(220-3}3+-9] $3[279«5]44+3 1 
16 3 64 162 0 25.6 242212 3550 84. 280. 544.4 ; 
16.4]. 65j163.0j25-5]- 25/222.2{35-2 85/281.544•6 i 
16.6] 66{164.c}26.0} 26j223.2{;5-3} 86282. 544 
16.71 6764.95 27 25224-21355] 373.5449 
16.9 3$1165.9j20.3] 281225+«2135-7] 981284. 5145.0 ff 
17.0] 6%66. 926.4] 24{226.2}35-5} 891235.4[45+2- || 
17.2] 7c{167.9126.6] 340/27. 236.0 goj286:4145.4 
17.4] 1711168 9126.7] 231/228. 236.1 29112387 .41455 
17.5] 721169.9j26-g] 321229. 1136.34 9288.444327 
17.74 73(170.9127-14 331239+1136.40 g3j239+4145«8] 
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18.0] 75072. 827.4] $35j232-1136.8] 95 91.446, 
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857.91. 4] 68 67. 011. 8 28[126.$j22.2 880185, 132.61 48 2442 43.0 
98.9% 1.66 69 68.c|j12.0], 29127. C2 2.4] 89186, 7032.8] 49/245. 2 43.2 
109-801. 7 70 68.9121] 30/128. 02.5] 90/187. 329] 50/½46.2 . 
1110. 8 5129 71] 69.9112.3] 131/129. 0022.7 1911188. 1133 1 251 247.2143. 
12 11. 822.1 270. 9/1225] 32730. 0022.91 92 189.33 ·3 52248.2 43.7 
1312.8 02.3] 73] 71-9j127] '33]131-0123-10 g31190+Y33-5] 332492420 
14113-8102-41 74| 72-9123} 341132.0123-21, 94191-6336 .521250.1144.c 
1514-8 0.6 75 73-9113.0} 351132-9123-44. 9592.006338] © 55j251.1144. 
1615˙8 o 74586132 361133+9j23-0] 960193. 0 34.0 560252.1 44.4 
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22]21.7103.9] 82 80,8014. 2 42139. 8024.6] 020198. 935.0 620 258.045. 
232. 704. % $3] 81.7144 43/140. 8024.8] 03199. 935.2] 6329.05.06 
2423. 604. 2] 8482. 714.6] 44/141. 8025.0 c 4.9035 44 64260. 045.0 
25/24 604. 3 35] 83.7147 45/142. 80251] 5/201. 9035. 5] 65/261. 046.0 
2602 5. 604. 5] 86 84-7]14.9} 46143 .8 25. 3] 9602. 935.7] 660262. 046. 
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| 2408. c 021100. 119-5 6259. 030,9[ 22/2129 42.44 82 276.8053. 1 Ws | | 
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4003. 9% 0.8] 64] 62.6[13.3] 24/121.3½25˙8 84180. 0038.3] 44·K38. 650.8 4 
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TASTE III. Difference of Latitude and Departure for 20 Degrees, 
ed ee — IE — — 

Dich e en Diſt Lat. DepDiſt] Lat. DepDiſt Lat. [Dep|Ditt| Lat. Dep, 
100. 90. 34 G1] 57. 320.9 121]113-7|41-4| 1810770. 1061.9 241j226«5| 82.4 
201. %%. 7] 62 58.3] 21.2] 22j114.6]41.7] 82171. 062.2 2227.4 $2.8 
302.801. 0 63] 59.2[21.5] 23[115.6142-1] $3j172-0j62.64 41228 3] 83.1 
403.8 01.4] 64 60. 1021.9 24116. 542.4] 84172. 962.9] 44j[229.3] 83.4 
504.7017] 65] 61.1122.2] 25[117-5142-38} 85/173. 863.3] 45/230. 2 83.9 
6ſ os. 602. 11 66 62.0022. 6] 26|118.2|43-1] 86174. 863.6 46/231. 2J 84.7 

7b. 602.44 67 63.0[22-9] 27¼119.3 434] 87775764. 0 47232. 1 84.5 
807. 502.7] 68 63.9 23.3] 28120.3 043.8] 88 176.7643] 48233. 00 84.3) 
908. 503. 1 69 64.823.604 29/T121.2 44.1] 89777 664.6] 49/2340 85,2 

| 10/099. 4103-4 72 65.8123+9] 30122-21445] 90/178. 568.5 502349 L. 
1110.303871 66.7243] 13142123-7]44-5] 1911179 555.3 2511235.9] 85.8 

121. 304. 1 72] 67. 724. 6] 32124. 045. 1 92189. 465.7] 520236. 8 806.2 

13/12. 204. 4] 73 68. 625.0] 330725. 045. 5 g3j181.4[66.0]  531237.7] 86.5 
14/13. 204.8 74 69.553] 34/1259 45. 8] 94/182. 3 66.3] 54/238. 7 86.9 
1514. 105. 1 75 70.5125-7Þ 35/126.9 46.2 95/183. 266.7] 55/239 6/87. 

1675. 005. 5] 76 71.426. 36127.8 46. 5] 96184. 267.0] 5240.6 87.6 
17716. 005. 8] 77 52.41-6-3] 37/128. 46.9. 97185. 167.44 57 241.587. 
1816-906. 2] 78 73.326.711 38 129.747. 2] 98186. 1 67.7] 58 242.4 88.2 
1917906. 51 79 4 2 27.0] 39130. 647.5] 99187. 068. 1 5924340 88.6 
20018 :8106.8] 88 55. 227.4] 4131.67 9] 200187. 9684] 60 244+ 3| 88.9 

2119.7 07:72 71 76.127. 7 1410132. 5 48. 2 201188. 968.7 2612453 $9.3 
2220. 70%. 5] 82 % 1028. 0] 42/133.4 48.6] 02189. 869. 1] 622462 89.6 
23021. 6%, 9 83] 78.0123.4] 43[134+4j43-9] 3190.8 69.4] 63/247. 1 $9.9 
24j22.6\08.2] 84 78.9287] 44/1353 49-2] 491.769. 8] 64248. 190. 
25023. 508.6 85 79.9291] 45/736349 5192.6 70. 1] 652490 90.6 

2624. 408.9] 86 8.829.4J 46[137+2[49.9] 093.670. 5] 66/250. 091. 
2725˙4 09.2] 87] 8189-8] 471133-1150.3] o7j194-5[79-8} %% 5,97“ 
2826. 309. 6] 83] 82.730. 1 8139.150.6 08195. 571.1] 68025 1.8 gi,” 
29027 309.9] 89 33.6139-4} 49740. 51.0] 9196. 477. 5 69252. 80 92 
3028.2 10. 31 90 84. 630. 8 50141. O 51.3 1097.3 71.8 72 253.7 92+ 

3129.1 10. 6 91 85.5 3111151 141. 9 51.6 211 198.372. 2 271 254.7 92. 
3230. 110.9 92 86.531. 5J˙ 52 142.852. 0 12199272. 5] 72 25560 93. 

33131./½11.3J 93] 87.4 31.81 53 143+8 32.31 13 200. 22.8 73 256.8 93. 

3431.9 11.6 94 88.3321] 54/144752.7J] 14|201»1173-2] 74275093 

35 0⸗32.9%12. 0] 95 89.3032. 5 550145753. 15/202.00/73· 5 75 2585 94.1 
36133+-8\12.3] 96] 90. 232.8] 561146-6[53.4] 16[203+0173+-9] 761259-4| 9444 

- 37134-$132.7 7] 91.2033-2] $71147+5153-7] 17/203. 974.2] 7712093) 9. 
38135+7.113.0] 98 92.1133+5] 580148. 554.0] 18]204-9]74-6 78/261. 95.1 

- 39136-6\13.3] 99] 93-0[33-9] 59[149-4[54+4Þ 19]205+-8[74-9] 79/2025 95-- 
40137-6j13.7] 100 94.0134-24 60150. 454.7] 20/206. 775-2] 50 263.1 95. 

HA 18.5 14. [ 01 94. 934.5] 161}151-3 55.1 221207. 775.66 2810260. g6.1 
4239514. 4]J o 95.5{34-g] 62/7522 55.4 22 208,675.99] 82265 00 965 

42149 14.7 03] 96.8352] 63/153.2 55.7] 230209. 676.3 83.265 5 90. 

E 4 15.0 04 97.7356 64154. 156.7 2412105 76.6] 84 266.5) 97. 

. 450423001 5-44 5 g8.7135-9} 65|155-1156.4] 25/1147. 85 267˙8 97 
4643.2 15. ob, 99-0136. 3 661150.0]56.8] 262 12.4773] 80/68. 97 

*2:144-2115.1] 7%. 536.6] 67j156.9j57.1] 2713.377606 872607 9: 
48 45+11j16.4 081101. 536.9] 68157. 0 575 28 214.378.014 $61270.6 95 

I ' 29146. 16.8] 091102-4]137+3] 691158. 857.8] 29|/215.2}78.3] 89j271-6; 5c 

5582.5 17.1] 10103. 437.6] 70/159. 758. 1] 30216. 178.7 _ 90ſ272+ 51, 99-2 
$1147 9.117 +4 1111104+313S.0f 171]160.7|8.cl 2310217. 179.0 2911273+5 95: 

| 5848.9 17.5]. 25.2139 «3 2]161.6j53.8] 32|j218.0179.3] $21274+4| 94 
2 3349-8 18.1 2 33.6 73]102.6 59-24 33 219.0 79.71 931275+ 31% 

1 $457 [Beg 139.0 74163. 559.5] 34j219.9|$0.0] 9g4j270- 3/1605 
| 385187 718.8 139.3] 75/164. 459.9] 35/220. 880.44 951277 · 80g, 
652.6192 39-7] 76165. 460. 2] 36/221. 880. 7] 962782101 
— 57 2619.5 40, 77/66. 360. 50 3722.78 1=1[ 9779-1101 
| $124: 5119.8 4044 780167. 3 60.9 38223. 681.4 gs 285,c)101 
5955.42. 2 40.7 791168.2161,2Þ 39224. 681.71 9 281. C102 

60/566. 420. 5 41.0 8192 .1 61.61 40225. 582. 1 390 281.902- 
1 | | Dep, Bin 
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TABLE III. Difference of Latitude and Departure for 21 Degrees. | 
Hit Lat. DepjDift| Lat. Dep Ditt| Lat. | Dep] Diſt] Lat. Dep Diſt Lat. | Dep. 1 
— n — —:. ͤ — — - 36 1 AS 
100. 9% 00.4] 61] 56,9121.9] 121[113.0]43+4| 1810169. 0064.9 241]225.0 86.4 a 
| | 201.907] 62] 57-9|22»2] 22{[113.9]43.7] 82[169-.9/65.2Þ 42|225.9] $6.7 3 
ba. 81. 7 63] 58.822.606 23[114.9]44.1]} 83½ 770.9065. 60 4326.9 87.1 In 
z. 4403714] 64] 5972.9 24 115.8[44.4 84 171. 8065.91 44[227.8| 87.4 9 | 
I 5124-7 01-8] 65 60. 723.3] 251116.7[44.3%] 85 172-7166.3] 45|228.7]| 87.8 Fi 
1 | 605. 602.2] 66 61.6[23.7 26 117+7145+2 86 173-7]06.7] 46[229.7] 88.2 4 
4.0 7 6.52.5] 67] 62.524. 0 27/718. 6045. 5] 8774.67. 0 4730. 60 88.5 LET 
cl 8197-51229 68] 63.5]24+4] 231119. 5]/45.9] $81175.5]67.4] 48[231.5} $8.9 _— 
5. 908.4032] 69 64.4124.7] 29/120. 546.2] 89/776. 567. 7 49 0232.50 39.2. LT 
_ | 10109. 303-6] 70] 65.3 2541 30 121.4146.6 20 22-4681 50/33. 4089. 6 $4208 
* 2 1943 93.91 7I| 66,3/25.4 1310(122. 347-0 191 178. 3068. 51 2510234. 3 90.0 5 1 ie 
6.6 | 204 · 3] 72 67.2 25.8  321123.3[47-3] 92[179.3[68.8] 52 235.3 90.3 1 5 
60 12. 1194-6] 73 68. 126.2] 33/7124. 247.7] 93/7180. 2069.2] $53[/236:2| 90.7 5 e 
BE. | 13. 105: 0 74 69.126. 5 34/25. 148.0 94/181. 169. 5] 54237. 1 91.0 1 
1 | 14. 005 · 44 75] 70. 5. 33126.1143.4] g5[182.1169.g9] 551238.1 91.4 ee 
1. %4-9%5- 7] 26/7. 97-2] 36[127.0148.7] 96183. %. 2] 56239. 0 91.8 1 
3.2 | 15.9 |0bex] 77 71.9 27.6 37[127-9[49-1] 97 183.9 70.6] - 5712399] 92.1 Bn 15 Tee 
W | 16. 806. 5] 73] 72.8]28.c} $38[128.9|[49.5] 981184.9|/71,0] 580240. 9 92.5 Nee 
$.9 | 17. 706.8 79 73-7128.3] 39[129.8149.8 99 185. 871.3] 5941.8 92.8 9 [lp 10 
— 18.707. 2] 30 74.7ʃ28.7] 40 13.2682 2 186.7½71.7] 60[242.7] 93.2 e 
4 17.607. 5] 8175629. 00 1410131750. 5 20187. 672. 2612437 93-5 MED 
9.9 507.9 $82] 76.5]29.4] 421326 50.9] 2188.660724] 62[244.6| 93.9 | RIA 
0.7 - 5193-2] 83] 77.829. 7 431133-5151-3] ©31189.5172.8] 6312455] 94+3 * Wl 1 
8 408.6] 84 78.430. 1] 44/134. 551% 04190. 43.1] 64246. 5 e 
08 3 59•[ 85 79+ 3130-5] 45/135˙452-0[ 85/191. 473.5] 65/2474 = i: 
C 3 393 86 80.3 30.8 46 136.3 52.3 06 192.3 73.8 66 248.3 = Wh 
209.7] 87] 81431.2] 471137: 2152.7] © 07 193-2174+-2] 671249.3 a N 
26. [T0 % 88 82.131. 5I 48138.2 53.0] 3/194. 2 74.51 68250. 2 1 1 1430 
27.1104] 89] 83*1131.9} .49]139-1]53-4] 09[195-1[74.9] 692811 1 
28.0 10.5 __$0j 84.c[32-3F 5$0j140.1153.8 129196. 075•3 _70[252-1 = 
28.9111] 91] 84.92.60 ISI{141.0)g4.1f 2111197.0175.6| 271] 53.0 | 1 . 
91.5 92 35.9133-0] 52/147. 9%/54.5[ 1297976. 7212539 _— 
811.8] 93] $6.8133-3] 53[142+«9]54.8] 213]1198.8{76.3] 73[254.9 _- a; 
712. 2] 94] 87+<7133+7] 54[143-8j55.2]Þ 14[199.8176.7] 74/255.8 _ 
712.5 95] 88.734 55014475566 15/200. 777. 1 751256.7 = 
612.9] 96} 89-6134-4] 561145.7155.9} 16j201.6177.4] 70j257.7 _ 
«5113+3] 97 90 5/348 $71146.6j56.3] 17]202.6ſ797.8] 77 z58.6 40 100! 
513.6 98] g91.5135+1 58 147.5565 18203. 578.1] 78 259-5 "HE? 
+4114 Of 99] 92+4135+5Þ 591148 5157.0] 191204..4[78.5] 79/260. 5jt00.0 1 
37-3114+3þ_100| 93-4135-8] 601149 .4157.3} _2-1205+4/78.8] 800614 - JR 
314.7 1010 94.3j36-2] 167/150. 3577 2211206. 3179.2] 28126231007 4 bl | „ 
215.1] 02 95.336.606 02[151.3};8.1] 22 207-2179 .6] 82z63. 3101. 1 
1115.4] 03] 96. 2036.9 63152.2 58.4] 23 208-2179.9] $3]264.2 _ | "2M if 
1115.8]. 04971373 064j153.1];3.8 24209. 180.3] 84/265. 1101.3 n 
06. 1 05 98.1376 6511541 59.1] 25/210. 0080.61 85/266. 1102.1 _ 2068 
916.5 8699. 038.0 66155. 0059.5] 26211. 008 1.0 86267. 001 | 
oh 16.8 97 99˙9 3943 67 155+9 59-49 27 211.908 1.4 87 267.9 102.9 XI 1 
. 817. 2 8/100. 4038.7] 68 156.6. 2] 2$[212.8]$1.7] 88 268.9 103.2 _— 
5. 717.66 901. 839.1] 69/757. 8060.6 29]213.8|82.1] $9 269.8 | 1 "be 
+6.7]17-9]__191102.7;39-4] 2-158. 760.9 30j214.7]2 4 gojz70:7 8 | 
+7 6113. 3] 121[193.7139+5] 1731159.7161.3] 231215-6132.8] 2911271713 N06 
52 48. 5118,6 120104. 680. 2160.666161 321216.6[83.1] 921272. 6 
90. 9.5190] 13/0525. 5 73|161.5|62.0f 33]217-5]83.5] 93273. 5 
0. 53 50.419,44 14/706. 5149-9] 74 162.5 62.44 34 19.4153.9] 94274. 5 
1 5 5551.361971 15 10741 21 751163. 462.71 35 219442 995127524 
1. 2. 3E. 1 16108. 341.6 76164. 363.1] 36/220. 384.6 96 27673 
1%. 20. 44 17U09.3 1.9] 77 165. 3103-4} 371221.2j384.9 71277 -3 
2243 $154. To. 8 18170. 242.3] 78166. 263.8] 380222.28 5.31 98 278.2 
52-0 5,5 .121.1I 1911.12.61 .79]167.7 64.2] 39/23. 85•7 997921 
8 10 66. o 21.5 _20|I12.1143-0 80 168.164. 46. 3089. 7 5 
MP 05 Gul Dep; Gan. Dit Dep? Car 55d Ben. Tar. Dia Peg. Tat 
13 pos for bg Degrees. 
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Tin III. Difference of Latitude and Departure for 22 Degrees. 


1 


Dit [Lar.|Dep[Dift| Lat. DepjDiſt| Lat. [Dep Dif] Lat. Dep. 
[Pitt] Dep 


e Diſt Lat. | Dit 
oo. 44 61] 56.622.9 121/112. 2453] 1810167.8 67.8 2411223. 5 
00*7] 62 575 23.2] 22|113-1145-7] $2[168.8]68.2Þ 42[224.4] 90 | 
81. 10 63] 38.43.60 231114.0[46-1] 8$3]169.7|58.6} 43]225.3] 97% 
01.5 64| 59.3 24.0 241150046. 5] 841170.6168.9} 44[226.2| 91% 
01.9 65 60. 3 24.3] 25/115˙9 [46.88 B51|171-5|69.3] 45/2272 91.8 | 
02.2] 66 61.2 24.7] 26[r16.8]47.-2 $61172-5|69.7] 46228. 1092.36 
02.6] 67 62.1251] 27117. 8 47.6] 87/773. 4/0. 1 47/229. 00 92.5 
oz of 68] 63.0255] 28118.7 479] 880774. 3 70.4] 48/229. 9 92.9 5 
03.4] 69 64.0258] 29119648. 3] 89775270. 8] 49230. 9 93.3 oi 
03-7] 79] 64-9|26-2] 301120. 5[48-7] 25/128. 71.2 5012318] 2% 
04-11 771] 55 826.60 131|121.5j49+-1| 191/7771715 2511232.7| 94. OR” 
04.5] 72] 66.827. 00 * 321122-4[49-4] 92(178. 01.9 5$21233-7] 94.4 :: 
04-9] 73] 67+-7127+3] 331123-3]49-8] 93/778.9/½72.3] $31234.6| 94.9 :- 
05.2] 74] 63.6127.7] 34/1242 50 2] 941179+5172.7] 34/2355 95.2 :: 
05.6 75] 69.5125-1] 35j125.2 50.6 950780. 8730 5536.4 95. | 15 
06. [ 76] 70. 5 23.5] 36126. 150.9 g6[131.7[73.4] $61237.4| 95.9 ll 16 
06.4] 77 71-4128.8] 37j127.0[51.3]} 9g7118247[73+:8| 57ʃ238. 30 96.08 17 
06.7] 78] 72.329. 2] 38/128.0[51.7] .9381183.6]74.2] $81239.2| 96.6 13 
07.1] 79] 73-2129-6 39j128.9|52.2] 991[184+5[74. 5] 59240. 197.0 | 29 
07-5] 82/74. 3“ 4122-8 2 41 200 185.474. 9 502411 97.40 20 
97.90 81 75. 139.31 147/130. 752.8. 201[136.4[75. 3] 261 2420 97.3 1 
08.2] 82 76.0130-7] 42 131-7 53-21 2187.3 75.7] 620242. 9 98. | 22 


308.66 83] 77-0/31-1] 43j132+6|53-6 03[188.2[76.0] 631243-9] 98. 27 
[22 3009.0 84 77+9|31+5 44 133.5 539 04 189.1 76.4 64 24445 98.9 HE 
23.209. 4] 850 78.8 31.8] 45/1344 54+3] 5/190. 16.8] 6502457 % 25 


109. 7 86/ 79.7322] 466135. 454.7] 06191. 0½7. 2] 661246.6| 9% 26 

2 25,0101 $7 80 732.6 47 136. 3 55•1J 07191. 977. 5 67 247.6100. 0 N 27 

= 28126. 0010. 5l $8] $1.6|33-0] 48|137.2|55.4] 03[192.9]77.9] 681248. 5 100. 28 

5 26.910. 9] 89 $2-5133+3] 49]133-2|55-8] ©c91193.8|73. 3] 691249.4/100.) 29 

"Ba 811.24 90 $3.4 33-2 Bo 139.156 2] 70 194.7 78+74_ 7921250 3101.1 30 

; . 7 11. 6 "91 84-4 J4e] 151 140. O $6.61 211 I95.6 79.01 271T|251e 3/101, | 30] 
1 29.12. 92 85.3134 52 140.9 56.9 12196. 679.4] 72/252. 210. 32 
\ * 30. 612.44 93 86.2 34.8] 53 I141.9|57-3] 13197.5 79.8] 73j253+ 11192. 33 
1 512.7] 94 37-2|35+-2] 54!1142.8157-7] 14 198.480. 74K 54 110. 0 34 
1 32 5113-1] 95| 88.135˙6⁰ 551437581] 151993395] 751255.01103 350 
1 33.4013. 5 96 89.036. 0 56144. 658. 4]4 16/200. 3 80 gf 7655. 903. 360 
1 34- 3113-9] 97] 8993530 571145. 6[53.8] 171201-2/51,3] 771256.8110; 37h 
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Difference of Latitude and Departure for 28 Degrees. 
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Diſt Lat. 4 80 Lat. Dep]Diſt] Lat. DepDiſt Lat. Dep. |Dilt Lat. Dep. 75 
1 o. oo. 51 61] 53912565 121 106. 8056.8 187/159. 80 85.0 241[212.8 113.1 "IH 
201. 800.9 62 342291] 221107.7157-3] $21160-7] 85 4] 420213. 113.6 
352.601. 4 63 55-6j29.6] 25j108.6|57-7 83016160 35.9] 4314.602141 
403. 501.9 64 56. 5030.0 24 109. 558.2] 84/162. 50 86.4 441215. 5114.6 5 
54.4% 3| 65] 574030. 5] 25/170. 458.7] $51163.4] 86.9] 45/½76.30175, %% 
65. 302 8 66] 58.3037. 26/111. 359˙2] 86/164. 87.3] 46122 115. 
706. 203.3] 67592315] 27/7121 59.6] 871165.1} 87.8] 47[218.1|11;., 
$107.1103-3] 68] 6o.c[31-9] 280173. 866. 10 88165. $3.3] 48[219.c/116., Mi 
90% 9% 4.3] 69] 60491324] 29]113-9 60.64 89j166.9] 88.7] 49219.9116 0% 

1008.8 04-7 79 61.8 32-9] 3© 114.8 61.0] 90/167. 80 89.2 50220. 8 117.4 | 5 

11597652 71 62.7133-3] 13176761. 5 1911168. 7] 89.7 25a[221-6/117.0 | — 

1218.6. ] 72] 63.6|33-3] 3216.6. 921169-5| 90-1] 5222250116. 

1311. 5%. 1] 73 64. 534.30 33/137-4162-4] 931170.4] 90.6 531223.4/118.38 

14 12.46. 6 74 65. 334. 7] 3418. 3062.9] 941171.5] 91.1] 5424.301935 

1513.27. 0 75] 66.8352] 35 119+2103-4] 951172-2| 91-6 | $5[225+2|119.7 4, 

= 16}14-1 745 761 67.1 35*7 360120. 1 63.9 96 173.1] 92.01 56 20 · 120.2 E 
1715. %. 0 77] 68.c 36.2] 37j121-5164.3] 97117446] 92.5] 570226. 9120. EI 

1816.98. 5 78] 68.9}390.6] 38/T21.9 64.8] 981174.8] 93.9] 580227.8 1211 25 

1916. 88.9] 79 69.8071 39/122. 765.30 9911757] 93.4 591228. 7/1216 „ 
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TABLE III. Difference of Latitude and Departure for 29 Degrees. 


aber. DepDiſtſ Lat, DepDiſt] Lat. DepſDiſt Lat. Dep. Diſt Lat. | Dep.] 
100.900. 5 61] 53.429. 6 121105. 8058.7 1811153.3] 87.7] 241j210.8|116.8 
201. 701. 0 62] 54.230. 1] 22106. 759.1] S21159.2] 88.2]. 42 211.7117. 
32.6015] 67] 55˙ 130.5] 23 167.659. 6] 83/160. 1 88.7] 43]212.5]117.8 
403. 5% 1.9 64 56.310 24/0856. 1 844160. 9 89.2] 44/213. 4118.3 

d ſo4. 402.4] 65} 56.8]31-5} 25109. 3060.6 85 161.8 89.7] 45/214.3]118.8 
6log.2[02.9] 66 57.732. 26110. 261.1] $61162.7] 90.2] 46j215.21119-3 
76. 103.4] 67 53-6432-5] 270111 61.6 7163.5 90-7] 47/16. 00[119. 7/4 
$1o7:0j03.9] 68 59. 533.0] 28 -— ney eg $81164..4] 91-1] 48[216.9|120.21Þ 
907. %%%. 44 6g} 60.3]33+5] 290/172. 62.5] 89765. 391.6] 49217. 8120.7 
19108. 7104 8] 70 57.2339 30113.763.0[ gojrb6.2| 92.1 50j210.7]121.2 

"11199 6105+: 3 71 62.1034. 131114. 663.5] 1910¼ 167.0 92.6] 251}219.5|121.7 
12410. 5058] 72 63.0134+9]} 32115˙4 64.0] 9267.9 93.1] 52229. 4/122.2 
131.4063] 73 63-$135+4 3|116. 3164.5] 93/1688 93.6] 53/221.3¼122.70 
14112.2106-8}- 74} 64.7]35+9] 34[117-2[85-0] 941169-7] 94.1] 5472-2 123.11 
15113. 10%. 31 75.65.6364] 35 118. 1165-4] 95/770. 5 $4.5] 55223. 122.6 
16114. [7.8 76 665 36.8] 36118.965.9 9671.4 95,0} 56ſ/223. 9124.1 
1714.98.24 77 672 37:3] 3719.66.44 97]172.3] 95-5] 57 224.8]124..6j} 4g 
13115.710$.7]. 78] 68.2378 38120. 766.9 9873.2 96.0] 580225. 60125. | 
10.16.60. 2 - 90] 69.1133-3] 3921.6 67.44 951174.0] 66.5] 59226. 51256 0 
20[17 . log. 7% 80 20. 038.8] 4oj122.4167.9] 20c1174-9] 97.0} 601227: 41120-0l8 f 

211182110024 $1] 70«8139+3] 1411123-5168.4] 2911175.8| 97-4] 261/225: 3 126.5 9 
22019219. 7] 82] 71.7398] 42 124.2 63.9] 2/76. 7 97.9] 6202291127. 0 1 
23/20 111.2] 83 72.6040 2 43 I12544$109.3] 903/1777. 5 98.4] 63/230. 122.50 = 
2421. 0 11 6 84 7355 40.7 44 1259 69.8 O4 1738.4 98.9 ; 64 230.9 128 C & 
25121.9]12.1]. $5} 74.3]41.2} 45/126.8170.3] 051179.+3] 99-4 65.231.807138.5 $1 
20 22.712. 6] 86 75-2[41-7] 427.770. 8] .06{150.2} 99.9] 66 230. 6 129.00 -þ 
27123.6113.1] 87 76.1[42.2] 4728. 671.34 7 18 7. 000.41 67ʃ⸗233.5ʃ129•˙4 9 
28024. 513.6] $8] 77. [42.7] 4$[129-417i-5] %½81.9 100.8] 681234-4p129-9 

2925414. 0 $4] 77-8143" 1] 49 (730. 372.24 %182. 8101.3] 6gf435+31139:4 

3026. 214.5 90 78.7143 6] $0[131-2172-7]__10 183.7101. 8J 78/236. /130. 

31 27.115. 0. 91 79. 644-1] 151/7321 73.21 217/184. 5102. 3 271]¼237. 0131.4 
325.0015. 5 92 80. 544-6] 521132-9173+7] 12 155.4[192.8] 72ʃ237.9/131.9 gt 
8.916. gz} 81.3]45.1]} 531133-$174-2] 23 136. 3|103-3] 7431238.0[132.4}©- 

29.7(16.5[ 94 82.245 6 $4 [134.7174+7] 141872103. 7J 74 239.61132.8 * 
35.617. 9 / 83. 146.1] 55/235-6175-1] 1/138.00¼04. 2] 754533: 1 
31.5077. 5 96 84. 0046.5 - 56 136.4756] 160188.9 104.7] 76 241-41133-3 "1 
32.4|17.0] 9 $4.8147.0] 571137-3 76.1 171189.8[105.2 21242 31134 4-1 
33-2[18.4| 98] $5.71]47:5] 58/138.2 70.6] 1e|190.7[105,7] 781243+- 1134 9 
34.1118.9] 90 86. 648.0] 597139.177-1[I[%91•5 106.2] 79244/01353 5 
35 9]19+4 tool 87.5]48.5] 60/1399 77-61 201192.4|106.7] 80244-91352 
35-9119.9] ror} 88.3049 O0 1611408781] 2211193.3]107.1] 281 245.8136.2 
36.720. 4]4 o2| 89.2[49-4} 62141. 78.5] 221194.2 [19% 6] 821246. 6136.7 
37.6020. 8] oz] 90. 149.9 63[142-6179+0| 23195. 0 108. 1J 83247. 5137.2 25 
38. 521.31 oa] g1.0j59.4} 64[143-4179+5] 24j195-9[198.6 $4]12438.41137-7 . 
$139-4[21-8} og] 91.859,91 651144 3j80.c| 251196.8[109.1] $5j249-3}139-3 5 
£6/40.2122.3] 06 92.7541 661452 80.5] 200¼½97. 709.6] 860250. 1138.7 5 
41.1]122.8] 05] 93.6519 67146. 181.0] 27/798. 510. 0 87j251.cf139 1 
942.0023. 31 88 94. 552.4] 68146. 981.4] 28799 ·4½ 10.5] 8802579 139.616 
12.9 23.8] og] 95-3[52-8F 691147 8151-9 291200. 3[11T.of, $94252.8]149 1 hy! 
5543.7124-2] 10 96-2153-3] 701148. 752-4] 391-211. FI gcj253-61140, 08-0: 
44.6 24.7] 111 97-1 53-8 1711149 6 82.9 2310202. 0112. 291 254.5|[141 1 
2455252] 12 98.0543 72150. 483 4] 32ʃ292.9¼112.5I g921255-4141 60 A 
$3146.4125.7] 13] 98-8]54.8] 73|151-3]53-9] 33/203.8½113. 0 93/256, 3142-40 _ .* 
47.2[26.2] 14 99-7155-3] 741152-3]84+4] 341294-7|113.4} 94257-11142 3 
5[48.7]26.7] 15[100.6]55-3] 751153-1184-8] 35/295+5|113.9] g5j253.0 14.3.0 
49.27. 1] 16101. 556.2] 7615390853] 36/2864 114.4] 9g61253.91143+5 
49.97. 60 17/102. 356 7] 77154. 88 58] 3729 ½·3 1149] 97/259 804.0 
55.7 28.1] 181103. 257.2J 781155. 7156-3 380208. 2115.44 98/260. 6744.8 
51.6 28.6 191047577] 79/56. 666.8] 351209-0[115.9] 99/67. 5114559 
6.52 1 201105-0 58.2 387.407. 451229-91116.4] 300262. 4/1454 
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Lat. [DepjDiit| Lat. |Dep| itt] Lat. [Nep[Diſt{ Lat. Dep. Dif] Lat. 
ꝓ— — RO PIPES FO EONS " OY PUR FR. 1 
100. 9 00. 5 G61] 52.830. 5 121104. 8060. 5 187156. 7 90. 5] 24108.) 
201. 701. o0[ 62] 53/31. 00 22057/6171. 0 82157. 60 91.0] 420209. 6 
302.601. 51 63] 54.6031.5 23106, 5[61.5 8311585] 91.5] 43[210.4 
 4j03-5j=2-0] 64 55 432.0 2410. 462.0] 84/159. 3 92.0 44j211.3 
504. 302. 5]. 65] 56. 332.5 2 108.3062. 5] 85/160. 2 92.5] 45/2122 
605. 203.0 66] 57. 2033.0] 26109. 163.0 8/161. 1 93.0] 46213. 0 
706. 103.5] 67 53.0133.5] 27/10. 0063.51 87/161. 93.5] 47/z13.9 
806 94. o] 68] 58.934. 0 28110. 8064.0] 88/162.80 94.0] 48[214.8 
900%. 84. 5 69 59.8345] 29j111.7164.5] 891163:7| 94.5] 4915.6 
1008. 7%. 0 70 60. 6035. 0 3012. 6065. 0 90/7164 5 95.0] 50216. 5 0 
11199-5105 5} 71] 61.5[35-5| 131{113+4/05-5Þ 1911165.4| 95-5] 25t|217.4 
12 10. 406. 0 7262. 436.0 32114. 366.0 g2j166.3} 66.0] 5212:8.2 
1311. 306 5 73 63. 236.5] 33115, 256.5J 93/1671 96.5} 53/2191 
1412. 10%. 0 74 64.137. 0 34/1160 67.0] 94168. 0 97. 0 541j220.0 
1513. 00%. 5 75 65 0037 5] 3516.97. 5 95/168.9 97.5] 55/2120.8 
1613.98. 0 76 65.8 38.0] 36117. 8068.0 96169, 7 98.0] 560221. 
1714.78. 5] 77] 66.738.537 118.0168. 5 971170.6| 98.5] 57/222. 60128.; 
1815.60 ] 78 67. 539.0] 3819. 5169.0} 980171. 50 gg.of 5$81223.4 
1916.59 · 5] 79| 68.4395] 39120. 469. 5] 9972.30 99-5] 59/224. 
20017. 30. 0 80 69. 340.0 40ʃ1z1. 2/0. 0 2000173. 2100.0 Gojz25.2 
2111S 210.51 81] 70. 140.5 141 122.10. 5 2 1 174. 1100. 5 2610226. 
2219. 111.0 82] 71.041. 0 420123. 0071.0 02174. 9101.0 620226. 9 
2319.9 11.5 83] 71.941. 5] 430123. 8071.5] 03017580101. 51 63]227.8 
2420. 812.0 84 72.7 42.0] 44/124. 7%. 044176. 7102.0 64228. 6 
25 221.712. 5 85 73.6042. 5] 45|125-6|72.5} 05/177. 502. 5] 65/2295 
26[22+5]13-0] 86 74. 543.0 46 126.4173-0 061178.4j103.0] 6630. 401 
27123-4]33-5] $7] 7534375] 471127+3173+5] ½½79 3103.5] 672312 
28024. 2 14.0 88] 76.2[44.0] 48128. 274.0] o8[189.1[r04-of 68|232.1 
29 2591 I4 5 89 77 +1 44.5 49 129.0 74+ 5} Og 181.0 104. — 5 69 233.0 34.4 
30126 0 15.0% 9 | 77-9145-0] 50/129. 9/25 0 rc 181.9105. 0 7c[233+ 81135: 
3126.881551 91] 78.8045 5 151/130. 875.5 2111182. 7 108.51 2710134. 
3227 76.0 92 79. 746.0 52/131. 7½76. 0 1283.607060 7212356 
33128. 616 5 93 80. 546 5 53732. 576. 5 13/184. 5106. 51 73ʃz36.4 
34129 47 % 94] 81 447. 0 5413347 [ 14185. 30%. 0 742373 
3530.31 7-5] gs] ©2+3[47-5] $551[134-2[77-5] 15/186. 2107. 5] 75ʃ238.2 
36031. 28.0 96 83. 1048.0 56[135.1]-8.e} 1687. 1108.0 76139-0135 
37032. 018.5 97 84.0048. 5] 57/736. 078.5J 17/1879 08. 5] 77239. 9,138 
3832.9] 19:0 98 84.949 0] 581136.8|79.o0} 180188. 809. 0] 78 240. 71139 
39133-3þ*9-5] 99} $5-7149-5} 591137-7j79-5} 191189-71109.5f 79124161139 
4034. 62.0 roo} 86 6[co.of 60138. 6080. 0 29/190. [110.0 8042. 5 
4135. 520. 5 101] 87. 550. 51 1617139. 480. 5 221 1974/7105 281/243. 301% 
4236.4 21 of 02 88.3 51.0 62140. 381.0] 22ʃ192. 3111.0] 32j244+2114 
431[37-2427-5] 03] 89.2151-5} 63141.281.5] 23ʃ193. 111.5] 33245-2314 
4438. 122.0] ogj 90. 1 52.0] 64142. 0082.0 24194. 0[I12. 8$41245-9 
45139-0[22.5} 5 90.9}52-5} 65|142.9|132.5} 25i194-.g}i112.5} 8512465147 
46139.8[23-0] 006 91.8{53-of 661143.8133.of 26j195.7]113.0f 8602477145 
4740.7 23.5] 7 92:71j53+5] 67744. 6083.5] 271196.61113.5] 87248. 5 . 
4841. 5% 4.00 08 93.554. 680145. 584.0] 281197-4\114.0 881249 +4 
4942.44.51 99 94-4}54-5} 69 146.4845] 291983114. 5] 89/2593 
2 101 05-3155-C} 70[147+2 85.0 goji99-2|115 of 90511 
5164.2 25.5 11 96.1555 1771 148.108 5. 5 "231 200. 00115. 5] 2911252015) 
52450 26. 12 97.0056. 0] 72149. o 50.0] 32200. 9116.0 922529 10 
53 7 26.5] 13 97.956. 8] 731149:8 86.5 33/201. 8116.51 93/2537 4 
5446.87 · oy 98.757. 74/150. 787. C] 340202. 6 117-of 94 254.6 
347.675] 2x57 99-6[57+5] 75j157.6j387.5] 351203-5]117-5] 95/255˙ 50155 
56/8. 5% 8. 0 160100. 558 76/152. 488.0] 36ſ204. 4118.0 g61255-3/7* 
5749428. 5I 17/101.358.5][ 77/1533 38.5] 37j205-2[118..5] 97/2 56.2 ; 
58050. 229-0 18/702. 259.0 78154. 89.0 3812:6.11119.0f 981257+1 
$9154-2129-5] 291193- 1159.5] 79/½55·0089. 5] 39/297 0119. 5 99 258.9 f 
Ferse 29/203. 2]. 20j155:9}90.0} 40/07. 80120. 382 
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TABLE III. Difference of Latitude and Departure for 31 Degrees, 
[ Fa. 1 Lat. Dep Diſt Lat. Dep Diſt] Lat. Dep Diſt Lat. Dep. Dillf Lat. Dep. 
. — . — — 1 — — — .— — — — 1. — — 
50 oo. gſoo· 5] 61 52.3031.4J/ 121103. 762.3] 1811551 93-2] 241 206. 5 124.1 
ol 01.7j01.0] 62 53. 1031.9] 22104. 6162.8] 82]156.0| 93.7] 421207. J 124. 6 
«| 02.6jo1.5] 63 54+0|32-4} 23105/4633] 83156.8 94.2 43 208.3 125.1 
0 03. 02. 1 64 54-3133-96] 24/706, 363.9] 84/1577 94.8] 440209. 1125˙6 
1 04. 302.66 65 557335] 25107. 164.44 851585 95.3} 45/270. 00126. 2 
d 05.1103 I} 66 56.634 26108 © 64.9] 86159495. 8] 46[21043|126.7 
5 o. 0 3.66 67] 57.434. 5] 271108. 865. 87760. 3 96.3] 47211-71272 
5 06 904. 1] 68] 58.335 28709. 765 9 88161. 96.8] 48ſ/212. 5127.7 
0 07. 704.66 69 59. 1035.5] 2910. 6066.4] 89162. 9743] 491213-4 128.2 
0 08. 605-2 70] 6.38.1] 3% 11. 462-9 goſtbz-S1| 97.9] 5802143128. 8 
| 09 +4105 +7 Wer 60. 835.6 131 112.3675 191/1637 98.4] 251]215e1]129+3 
19. 3006.2] 720 61.737. 1] 32113.168.0 92/164. 5 98.9 5202 16. 0129.8 
311.1006. 7] 73 62+46137-6] 33114. 068.5] 93/165. 4 09.4 531216-8[139.3 
12. 00% 2] 74 63.4381] 3414.8 69-0] 94/7166. 3 99.9 54/217-91139-8 
13.97.71 75 64. 338.6] 35115.769 5 95/767. 1 00. 44 55218. (131.3 
13. 708.2] 76 65.4039 If 36116. 670. 0 96/168. foo. 9. 560219. 4/131.8 
14. 608.8 77 66,0139-7] 37{117.4}70-6] 97/T68.8 02. 5] 5720. 2132.4 
15.49. 3 78 66.8040. 2] 38118. 371.1] 98/169. 7 flo. e 5802211132. 9 
16. 309.8] 79 67,7 40.7] 39119. 171.6] 99/770. 5 102. 5] 59222. 0133•4 
17. 110. 31 80 68 60412] 40/120. 072. 1] 200|171-4{r03.0f 60ʃ222.8 (133.9 
18 [10-3] $1] 69,441. 7[ 141120. 8072.60 201 172.3 103.5 2511223-7} 1344 
1 11.34 82 79.342. 2] 42121.773. IT 02/1731 IILO4. o 620224. 5 134-9 
19.7]11-38] $3]. 7T»3[42+7] 43[122.6[73-6] 03[174+©[104.5] '63]225+44135.4 
20, 6012.41 84 72+4014+J+3 I23.4|74+.24 04 174. 8 105. 64 229.2] 139 o! 
21.4/12.9 85] 72-8143+8 40 124.3 74.7] O5[175+7 [105.6] 55ʃ227. 1136.5 
22.3113 +4 86] 73+7144+3] 46 I25.1}75+2 06176. 5 106. 1] 66j223.0 137.8 
23.1139 $7] 74+ 6144-85 47|r26,0[75+-74 07177. 4/106. 6] 67/228. 8137.5 
24.0014. 44 $$} 75+4145-3] 43[126,8]70 2 08 178.3 107.1] 680229. 738 0 
2449]14+0 89 76.3 45˙8 49127. 776.7 ©c9[179+-I}107.6] 69239. 5038.5 
25.77/15. 44 90 77-1 40-4 50/128. 6 77-3 10|1189.0{10$,2 70 231.4 139.1; 
26.6 10.0 : 91 18.0 46.9 1511294 77.8 211 180. 8 108.7 271 232.2 139.6 
27.4016. 92] 78.847. 4 52130. 3 78.3] 120181.7 109.2J 72233-41401 
8.3077. 93] 79+7147-9] 53131-1735] 13182509. [ 731234-149.6 
29.11*7+5 94 80. 648.44 54j132.0179-3] 14/183.4/ 119.2 74237-80147. 
30. 0018.0 95 81.4 48.9 550132. 8 79.8} 15 154+ 3 110.7 75235 7141.6 
7 30. 9118.5 96 82.3 49 .4 56 133 +7 30.3 16 1851 1141.2 76 236.5 142.1 
31.7119-1] 97 831/50 O 57 134.5 80 9 171189.0|r1c. 81 77 2374142. 
32.6196 gs 84.0050. 5] 58j135.4 [51 4] 18 186.3 (112.3 78]23% «2] 1432 
33.429. 1 99 84.8}51.0f 597136. 3 81.91 19 187.7 12.80 791239-1[143-7 
34.3020. 61 100 85. 751.5] 69/7137. 1 82.4 20 188.5 113.2] 880240. 144.2 
1120 211350 z 1761 86/52. 00 7670(138=082.9 221[189-4|r1;.c} 281024. 80I447 
114 36.00 1.6 oz| 87-4|;32+5] 621133.8]53-4] 22[199+3|r1.3} 32j241+7[145.2 
1141 66.922. 1] 03] $8+3{53-0] 63[139.7[53-9] 23]191+1]114.8} 831242. 5|145.7 
jj 142 4437.9 2226 04; 89.1 53.61 64 140. 5 $4.45 24[192-0|115.4 84 273.4146. 3 
$114 458.623. 24 05] 90.054. 1] 65|141.4|35-0]- 251192-8[115.9] - 851244+2]146.8 
7 733 4039,423.7][ 06 90. 854.6] 66/742. 3 35.5 2619371164] 862451147. 3 
ane „ HIGSE 07 91.7551 671143. 1 36.0 27 194.5116. 9]. 871246. 0 147.8 
4% Er. 1 4.7] 08] 92.6556] 68144. 086.5] 2895,47. 4] 88/2466. 87483 
31 49142 0125.2] 89 93-4 56.1] 697448 87. 29 196.3 117.9] 99Z47. 48.8 
1.9% 5. 8 1100 94-356. 7[ 70/7145. [82,6 390/1971118. 5] 9024825 149.4) 
Fares 510437 26,3] 111] 951/572 171/146. 588.1] 2311988119. 297/2494149 
9% %%% 5244+ 6 26.8] 12| 96.057. 7 21147-4|53.6 2198.8119˙½5 92250 2150.4 
71140 53145-41273] 13 $96.8j5%.24 73148.389 1] 331199-7|120.0f 9g3[251-1 150. 9 
. 611470 5+/+6 + 2127.8] 14] 97. 758.7] 740/1491896 4,400+51120 5 941252.0}I5r.4 
5/14 $5147 «1 28.3 15 98.6 59.2 751150. 09021 35 20154 121.0 9 252.8151. 9 
3% „%s. 28.8] 160 99.4597] 70/150. 89% 6 360202.3 121.5] 9g6[253.7|152-4 
2 %% .8 29.44 17/100. 360. 31 77/151-7])1-2] 371293-1|122.1] 971254-5|153-0 
1114 . 729.9] 18}101.1160.8] 7852.59. 7] 38/204. 122. 6 *98[255.4j153.5 
. 9 ' 5 39.4 19 92.0161 3 79 I9$3-4192-2 39 204% 83 123.11 99 256.2 154.0 
9015 439.9 2080182.8 [61.8] 30/154.3 92.7] 40 8 123.6] 390257. 1154.5 
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1 TaBLE IT. Differences of FLatitude ue Doogie for 32 Degrees. N 
1 iu Lat. Dep Dit | Lat. Dep Din Lat. |Dep,Diit Lat. Dep. ae ven has Dep. / 91 
1 ICO. 8 0. 5 61] 51.7 32.3] 121102. 6664. 1 1810153. 5 95.9] 2410204. 4 127.7 
WM - 201. 701. 1] 62 52.6132.9] 221103-5|64.7] 82154. 4 96.5] 421205-21128.3 
11 3002. 501. 6] 63 53.433. 4 231104. 3065. 2 83155. 97.0] 43/206. 1128.8 
=_—_ 4j03-2102.1] 6454. 333.9] 2405265 7] 84/15. 97-5] 44/206. 929. 
3 5194 402.6] 65 55.1345 25 10.o[60.,3], 850156. 9 98.1] 45/207. 8129.5 
1 65. 103. 2] 66 56.0350 26/106. 866.8] 861157.7] 98.6 46/208. 6% 30.4 | 
8 | 7j-5-9103-7] 67.'56.8135:5} 2702.76. 3 871158. 6| 99.1] *47]209- 30.9 
: + 8006. 8 ſo4. 24 68 57.7136.0] 28708. 567 8] 8859.4 99.6] 431210. 3131.4 | 
= ti 9197.6 048]. 69 58. 536.6] 29109. 468.4 89168. 3 100,2] 49811. 232.0 | 
| 8 2 2 222i 68.9 9061. ＋＋ͤ 2 2» 0 32.5 5 
WM 1 1169+ 3195-8] 71þ 60.2[37.6] 131/1111094] 197/7162. (J(101. J 251}212+5j133,9) 1 
4 12.10 2j-6.4] 72 61.1j38.2] 32[111-4[70.c 2162. 8101.8] 5g21213+71135 6 . 
5 | x3170-0j06.9 | 73] 61.938.7J 33 H12-%\705Þ 93/163. 102. 3] 53/2 14+ 5)134.1, 1. 
11 141.97. 44 74 62.839.2J 34/113. 671. 94/764. 5 102.88 54/2 T5. 434.6 I 
= x5j12.7j99.C} 75 63.639.8J 35 114.6571. 6 95 165.4/103•%4] 55 21621352 1. 
= 163.608. 5 76 64.4 140-3 36115•3 72. 1 96 106.2103. 9 502174(35˙½% 10 
"128 | x7[14-4ſ09-0| 77] 65.3|40-5} 3718.22. 6 g71167-2[104:4þ 575217 -5136.2 15 
1 186153 99.51 78 66.141.3. 33}117-0j73.10 98 107-9 104.9 5 2188 136.7 19 
Ws 1916. 110. 1] 73] 67.0141.9] 39[117-9173-7] 9911688 1058.50 591239-01137.3 Ic 
1 2017. 10. 6 267.8 42.4] 400118. 84.2 38169. 6 1060 6822.37.81 20 
16 4s, ; — — — f — - — ö J.. 3 nora 28 2 
1 21017·• 811187 68.742. 141/7196. 7 2070.4 186. 5 261022130 38.3 21 
1 | 7, 2218.71. 7 82 69. 543.5 42(129-4[75.2} oz[17L. 3107. 1 bBaj222e2[r38.9 ff 22 
FR 2319512. 2] $2] 70.41+4.0f $3j121-3t75.80 o$j172- % bf 651543-01139.4| "3 
W | * 2420. 412.7] 84] 71.244. 5] 44/122. 16.3 4173. 00108. 1] 64/223. 9139.9 24 
1 2502 3 133 83514 72.1 1451 45 123.0 76.9 05 173.8 103.7 652247 140.5 25 
«  —_—_ 26122.0|13.8] 86 72.948. 6] 461123+-Sj77.4] 6606174. 7109. 2 66 2256/4100 26 
A 2 27 22.914 31 87] 73.846. 71124. 777.9] 07j175+-51-29-7] 67 2264 41.5 27 
. 12 283.748 $3] 74. 66.6] 45{125-5j75.4] 80176. 66110. 2] 680227. 3042 0 28 
| * | 2:5424+0 15.4] 89 75.4147-2} 49 I26.4|j79.ch 77 2110. 8] 69 228 1142.6 29 
_ 5 $5-}_921.76-3147 7] 501327-2/79-5} 20178-21111: 3] " 761229011431 BN 32 
13 7. 4 $1 26.3 16.4 911 77.2 48.2 151 128. 0090. 211 178 9 111.8 271 229.0 143.6 | 31 
. 3227.17. 0 92 78. 048.8] g2[t28+9jS0.6 121179 8[112.4) 722507144. 32 
Pp FM - -33j28+0117-5} 93] 78-9149-3] 551129-7]S1.1f 13/89. 012.9 73 231-51144-7 iſ 33 
* 0 34 E8=8 8.0 94] 79-7(49-3] 541232-0[31.6] 148141134 741252-41'45-2 BL 5+ 
8 359 718.6 95 80. 6590.4] 5g5[131+4/132.2] 15}452+3j114,ch 751533211455 | 33 
i i / 44x 30 30.5191 96 81.4 50.9 5H 132.3182. 161183.2 114.5 76 234.0 140.3 306. 
„ 761.46 g7] 82.3514] 5773332] 17]184-0[115,00 773490 T4 
. * 3568229. 1 98 83.1519] 581134-c/33.00 18 184.9115. 5] - 781235 7 | 
I 554331 129-7] 99} 34-0[52-5] 59 I134+%34.30 11135-71116, 3] 7; 236. bſ14 
3 * 45 22 100 84.853720 _bo 135 ˙7 84. 201186 6[r16.6]- 80j237 4143 
BY 4134,88 21.7 or] 5.6535 1611136-5|85.3] 22111374117. 1] 2814238- 3j14d-9} 
1 42135+0[22.3] Oz 86. 5 541 62137˙4/85. 9% 22j188.3]1c17.7} 820239 4/495 
f 1 4336,52. 8] 03 87. 34.6 63/7138.2 86.4] 23]i139-1|118.2Þ 83/240˙0 
EF 44137+3 23-3] o4| 88.2 $5.1} 641139+1186.9] 24/790. 0118.7] 84 240.5 
. £7 36 451313+2(23-9] 5 39.0j55.74 651139-9137.5] 2598179. 85124107 
a : | „ oy 46t39-0 144 061 89.9 56.2 66 140.8 88.0 26 191.6 1198 80 2425 5 
1 1 "BY ; 5139 9124.9] 0 90.7 56.71 67 14. 6 83.51 27152. 50(120.34 $71243+4 
1 4840.7 885 08 91.657. 2J 68142. 5089.0] 28[193+ 3}120.81] 88244252. 
1 - 49141»61-6-0] og 92.4 7.8] 69143. 89.6 2994.2 121.4] 89/245 If 
8 | 1 - 5024 26. 5 TO 93.3 8.3 70 144.2 90.1 300195. 121.9 901248 2 
14 . 35 575 27.0] 111] 94. 158.8 1710145990. 61 2310195922. 4 291 246.5 | 
oo 5244, 1127-0] 312] 95.059 ꝙ 4] 72/1451. 2] 32 196.7123. 92 247-6 
1 li N 534, 8, 23] 95-$[59-9] 731246-7191.7] 340976123. 932485015 
5 . 1. $4145-$128-6] 14 96.760. 4] 724/1470022] 34/1994 124 94 249+3 5 
BY I} $c146+6 [29.21 15] 97.561. 75/148.4½% 2.88 _ 351199-3]124.6] 9g5j5 52-217. 
1 . 5647.5 29.7 10 98.461. 51 76/7492 3.3] 360200. 1125.1] 96251005 
1 578 330.2] 7 99. 262.0 77/50. 103.8] 37/201-0[125.61 97ʃ½2 51.705 
k j = 3849230. % 18[100.1162.5] 781150-9134.3] 38{201-81126, 1] g81252-7 
- } oC £59159-0131.3] 190.963. 14 7951.6] ,4.90 391202.7}126.7} 55 253.60 a 
Y 605.931 of 20 r. 863.6 89/152. 654] 40/203. 27.2 1 — 
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8 1510126 6182.2 2111170-9j114+9, Lbs 
3126. 8 dab 81 121177 8115˙5 148-1 
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TABLE IV. 
1 - 
A Table of Logarithms from 1 to 10,000, . 
£4 1" 4: 6; & 1-2 8 9 
| 85 — — — — — 
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67587 67614 67624] 67634] (7642 67653] 67660 
67078 67700 657715] 67724] 07733] 67742] 67752 
67770 | $] 67797] 67806|- 67815 67825| 67834| 67843 
67861] 6787 | 67338] 67897] 67906] 629160 67925] 67934 
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Tapia) Iv. 
k Table of Logarithms trom 1 to 10,050. | 
fl. 0 1 + 3 © 13. 6 7 8 
| ——— == — — D•— DEE API 20948 — 9 — — — — — , 
[2.71600]2.71609]2 71617]2.71625|2.71634j2.71642\2 71650/2.7165c[2+71667| 
71684| 71692 7i7oc| 7Ji7oo} 71717] 71725] 71734] 71742] 7175c 
71767 71775] 71784] 71792] 7180c| 71899} 71817 * 71825] 718334 
71850 71858 8 71867 71876] 71883] 71892 7171908 71917 
71933] 71941] 7195c| 71952] 71966 71975] 71933] 71991] 71990 

72016] 72022 7203: 2041] 720456 72057 7206 72074] 7208: 
72096] 721050 7211] 72123] 721320 72140 72148 72156 72165 
7218 721890 72198] 72206| 72214] 72222 .7223c| 72239] 72247 
72263] 72272 7228:| 722880 72296] 72304| 72313] 723210 7232c 

7246 72254 72362 72370 72372 22387 22325 72403Þ= 7241) 

27242802 724 3⁰ 724%½ 2 7242 ½ 7246 2.7246. 72477 2 7248 5[2-72493[2-7 
72509] 725188 725260 72544] 72542] 725500 72558 72567] 7257; 
72591] 72599] 72607} 726260 7262, 726320 72640| 72648] 72656 

72673] 72683] 72689] 72697] 72705} 72713] 72722 727300 72738 
72754| 72762] 7277-| 72779 72787] 72795] 72803] 72811] 72819 

72835 72843] 72852] 72860| 72868| 72876| 72884 72892] 7290c 
72916] 72925| 72933] 72941]. 72944|. 72957] 72965| 72973] 72981 
72997] 73006] 73014| 73022} 730330 73038] 73046| 73054] 73062 

| 73078] 73036] 73094] 73102] - 73111] 7311, 73127] 73135] 7314! 

2 73359]__73167| 731250 _73183]_73191] 73299] 73207] 232150 73223 
5E. 73239/273247 7325 % 73263/2+ 732720 7328002 53288 2732960273304. 

i] 73320 73323] 733360 73344] 73352] 733600 73368 733760 7338. 

734% 73408 73416] 73424 73432] 73440] 73445] 73466] 7340. 

73480] 73483] 73495] 73504| 73512] 73520] 735280 735360 73544 

973560] 73568| 73576] 73584| 73592] 73600| 73608] 73616| 73524 

5} 73640] 73648] 73656} 73664| 73672 73677 73687] 73695] 7370; 

- 73729] 73727| 737350 73743] 73750 73759|  73707| 73775] 73783 
73799] 73807] 73815] 73323| 73830] 738380 783846 733854] 73862 
738720 738360 73894] 73902] 73910] 73918] 73926] 73933] 73941 
73957] 73965| 73973} 73981] 73282 73997]__74005s| 74013} 74020 

2.7403 0[2+ 740442. 7405202 2.74060 2.740682 74070 2.740842. 7409212. 74099 
74115] 74123 74131] 741390] 74147} 74155] 74162] 74170] 7417? 
74194] 74202] 7421c| 742180 74225] 74233] 14241] 74249] 74257 
74273] 742%0| 74283] 74296] 74304] 743120 7.3200 74327} 74335 

| 74351, 74359) 74367] 74374| 74332| 7439] 74393] 74406] 74414 
I 974429] 74437] 74445| 74453] 74461] 74468| 74476 74484] 74492 
bl 74597] 74515| 74525} 74531} 74539] 74547] - 74554] 74562] 74570 

- 74586] 74593] 74601! 74609] 74617] 74524| 74632] 74640 74648 

74663] 74671] 73679! 74687] 74695] 74702] 7471 74718] 74726 
74-741] 74740 74757] 24764 747720 74780 74788] 74796} 7489; 

56of>. 7481912074827 /2-74831|2-74842/2-7485c|2.74858|2.74365/2.74873]2- 74581 
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A Table of Logarithms from 1 to 10, ooo. 

| E [7 © 5 „ 4: +7 
e. 7634 [2779353 2.763582. 763652.76373 2.763800. 76388 2.7639 502.7640302 . 76410 
31] 764.15}. 76425] 764330 75440| 76448 76455] 76402] 76470] 76477176485 
b 76492] 76500| . 76507] 76515} 76522] 76530F 76537] 765455 76552) 76559 
2: :;| 76567] 76574] 76532] 76559] 76597] 766244 76612] 76619] 766260 76634 
ci 3. 76641] 76649 7665566 76664] 76671] 76678] 76636] 76693] 76701] 76708 
s, 76716] 76723] 7673767388 76745 76753] 76760 76765] 76275 76732 
1 8} 76790] 76797] 76305] 76812] 76819 76827] 76834] 76842] 76849 7685018. 
s 76864] 76371] 75879] 76886 768530 76901 76908 76916| 76923 76930 
;; 33] 76933} 76545] 76953] 76960] 76967] 769780 76982] 76989 76997] 77004 
1. 5] 77012] 77019] 77 26] _77034| 77041] 77048} 77056| 77063] 77070] 77078 
my 50.7708 5 12 2.77100 Z= 77107 n 2.7712212.77129]12»77J 13712 +77 144 2.77151 
„f 777166 77173] 77151] 77158] 77195] 77200 77210] 77217] 77225 
66 32) 77232] 772400 77247] 77254 77262] 7726 77276] 77283] 7729 77296 
14608 53 77395] 77323] 77322) 773271 77335t 77342] 77349] 77357þ 77364 77371 
5: 5:1 77375] 77356] 77393] 77403} 77498] 77415] 77422] 77435} 77437] 77444 
gol 35] 77452] 77459] 77466| 77474 77481þ 77488] 77495]. 77503] 77510 77517 
% 725] 775320 77539] 77546| 77554| 77561] 77568] 775760 775383] 77590 
or i-| 77597] 77605} 77612] - 77619] 77627] 77634| 77641] 77648] 77656 77663 
1; ;*| 77670] 77677] 77685] 77692] 77699 77706] 77714 77721] 77728] 77735 
2:1 5 77743] 77759] 77757} _77764| 27722 77779] 77786] 77793 73508 77908 | 
3120/2. 778 150.7782202. 77830ʃ½z. 77837 2.77844 2.7785 10K. 7785902. 77866 f. 778732.77889 
% ei 77837] 77895] 77902] 779099] 77916 77924] 77931] . 77935] 77945 77952: 
4 779% 77967] 77974] 77981] 7798% 77996|- 78003] 78010] 98017] 78025 
e: 78032 73039] 78046 75053] 75061] 7oobsf' 78075 78082] 780389] 78097 
78104] 78111] 78118] 728125] 78132 7814c| 38147] 78154] : 78161] 78168 
ii ©: 73176} 78183] 78190] 78197] 78204] 73211} 78219] 78226} 78233] 75240 
374 e 73247] 782 54] 78262| 78269 789276] 78283] 78290] 78297] 78305]. 78312 
8:0 -| 73325) ,,78326] 73333] 75349| 75347] 78355] 78362] 78369} 75376} 73383 
% <1] 73390} 78395] 78405] 75412] 78419] 75426} 73433] 78440] 73447] 78455 
102 -| 78462] 73469] 78476] 78483] 78490] 78497] 78504] 78512 785199. 72500 
41% 2.755 33/2. 78 54002. 78547. 785542785612. 78569 2.78570 2.785832. 78 5902. 78597 
4% 78604] 78611] 786180 78625 73633] 78640] 78647] 78654] 78661 78668 
32% ::| - 78675] 78682] 78689] 73696] 78704] 78711] 787180 78725] 78732] 787391 
43M :;; 75746} 78753] 78760] 78767] 78774| 78781} 73789] 78796] 73803] 78810! 
44: 1] 78817] 78824] 73831] 78833] 78845 73852] 78859] 78896} 78873] 78880 
4; 1; 78888} 78895] 78902} 78909] 78916] 78925} 7893 73937} 79944} 78951 
43 16} 789538] 78965| 78972] 78979] 73986] 78993] 7900} 790G7} 790I4| 7902t5 
46:08 17] 79029] 79036] 79043] 79959} 79057] 79064} 79071} 79078] 79085} 79092 
2 !*| 79999] 79106} 79113] 791200 79127] 79134} 79141] 79145} 79155] 79162 
ot 79169] 79x76 791383} 791go0] 79197] 79204] 79211] 79218} 79225} 79232 
e 792 39/2 7924002. 792530. 792. 79257 797 · 7928 1/2. 79288 f 7929 512. 79302 
939% 79316} 79323] 793300 79337] 79344] 79350 79353} 79365} 79372 
754: ::| 79379] 793860 79393] 79490] 79407] 79414] 79421} 79428 79435 79442 
7:11 23] 79449} 79456] 79463 79470] 79477] 79484 79491] 79499] 79595] 79524 
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Sine. Co-ſine. Tangent. ! Co-tang- Secant. Co- ſecant. 
— — — — — - p— 
{10.0e000 119,00009 |10.09000 | Infinite, to. 00000 Infinite, 
5.46473 ' 00000- 6.46372 13. 53627 [10.00000 13. 53627 
76476 00000 76476 23524 1 ©0000 23524 
940835 oO 94088505915 00000 05915 
7.05579 coooo 57. 6579 12.923421 ©0020, 2.93421 
16270 ooodoo 16270 83730 00000 83730 
24188. | cocoon 24183 | 75812 co | , 75812 
30882 ©9000 30882 69118 ooopo 69118 
36681 00000 36582 | | 63318 ooo | 63318 
41797 ©0000 41797 58203 00000 58203 
46373 ooo 46373 q 53627 ©N000 53627 
7.40512 |10.09000_ 7. 50512 112.49488 1|10.00000 2. 49488 
542 10 009000 54291 45709 Hoco 45709 
$7767 00000 | 57767 | 42223 00000 42233 
60985 | ocooo 60986 + 39014 ©0000 39015 
63982 ©0000 63982 36018 09200 36013 
66784 | o0000 | 66755 33215 00000 33216 
69417 9-99999 | 69418 | 30582 ©0000 30583 
71900 99999 | 71900 231c0 CO001 23100 
7424899999 74248 25752 ooo 25752 
e. 23524 ©LO0T 23525 
7. 7.78504 9.99999 7.78595 10. 21405 flo. ocoot 412. 21406 
80615 | 99999 80615 19385 ©0001 19355 
$2545 | 99999 | 82546 | 17454 coor 17455 
84393 | 99999 | $4394 15606 oo | 15607. 
$6166 - | 99999 86167 * 13333 ooo 13834 
87870 99999 37871 12130 ©0021 12130 
89 509 99999 89510 10490 . ©ocol 10491 
92088 | 99999 91089 08911 ©2001 o8912 
92672. 99999 92613 07337 00002 | 67389 
94034 99999 | 94036 0591 4 00002 6895 
7.9558 [3-99995 |7-95510 12. 0449 [10,00002 12. 04492 
696887 99998 96889 03111 ooo 03113 
98223 | 99998 | 98225 01775 | oooo2 | 01777 
99520 99998 99522 00478 O0C092 08480 
8.0779 ] 99998 [3.00731 ff. 99219 | ooooz 1.90221 
+ 02002 99998 02004. 97956 00002 97998 
- 03192 - 99997 03194 96805 » 00002 96808 
64350 99997 | 04353 95647 ,| oooog 95650 
05478 | 99997 | ' 25431 94519 00003 94.522 
06578 | 99997 28887 91419 09003 93422. 
8.076 50 999997 8.07053 1.92347 10. 00003 1.92350 
. ©3696 | 95997. | 08700 91300 00003 91394 
09718 99997 09722 90278 00603 | 90281 
. 10717 99999 10720 89280 00004 89283 
11693. 299996 11696 85394 | oooog 88307 
126427 99996 12651 87349 03004 87356 
1358199996 13585 86415 ooo 2836419 
14495 | 993930 14590 $5500 00004. 85 505 
15391 | 99996 | 15395 84605 ©0005. 84609 
16268 99995 16273 8 83727 coO005 823732 
8.77128 9.99995 8.17132 {11. 11. 83867 r0.cooo5 . 82872 
17971 | 99995 17976 82024 00095 $2029 
129798 | 99995 18804 81196 docoß 81202 
1961099995 19616 | 80384 o | 80390 
2040 | 99994 | 20413 | 79587 | ccoob 79593 
21189 99994 21195 78d S8 ' cooob 78811 
21968 99994 | 21964 - ũ Q 78036 0006 78042 
22713 99994 | 22719 77280 ©0006 77206 
23456 | 99994 | ' 23492 79599 co 76544 
60 ot IPD 29994 24192 75308 ooo : 75814 
Sine. 4 Co-tang. * Tangent. ee Secant. | M. 


—— — 


89 Degrees, 


— 
— 


#\ ® 


„K„j„% — . oo 8 


— 


Tart v. of AR tiricrar Sines, 1 T angents, and Ne: 1 Deg. 
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6 — — — * 
M. Sine. | Co-lins, Tangent. e | Secant. 1co-ſecant, . 8 
o [3.24185 5.99993 [$+24192 1.76808 10. coοο 11. 75814 560 
I 24903 99993 24910 75090 00007 7.5997 59 
2 | 256b0g | 99993 25616 | 742334 | 00097 | 74392 38 
3 | 26304 99993 26311 73638 00007 ., 73696 | 57 
4 | 25538 99992 | 26996 73094 00907 730¹2 | 56 
5 2766199992 27669 | 72331 00008 72339. | 55 
6 | 28324 | 99992 . 71668 o0008 71676 | 54 
7.] 28977 :99992 | 239 5 71014 oo 71023 | 53 
$ | 29621 99991 29629 70371 00008 70379. {| 52 
9] 398! 39255 | 99991 29263 69737 00009 69745- | 51 
10 [8.30879 [9.99991 . 30888 [1.60 12 [10.00009 [11.69121 | 50 
11| 31495 | 99994. -| 31505 6253 00009. ,| 68505 | 49 
112 | 32103 '| 99990 | 32112 6788 ooo 67897 | 48 
13 | 32702 99990 32711 67289 oo 67298 47 
14 33292 99990 33502 65697 ooo 66708 46 
15 i 33875 99989 33886 a 66114 O00 10 6612 5 45 
16 | 34459 [ 99989 | 34461 65539 oO 65510 ð 44 
17 | 35018 | 9993g | 35939 972 | ooous | G64g82 43 
> 13 | 35578 99989 35589 64410 oon 4422 | 42 
"T9 | 36131: | 99989 30143 63857 oO 63868 41 
20 F. 36678 9.99988 8.35689 f. 63310 10. 00012 (11. 63322 | 40 
21 37217 | 99988 | 37229 62771 OCOIZ 62783 | 39 
22 | 37759 | 99988 7762 | 62238 OCOIR 62250 | 38 
23 38276 | 99987 |. 38289 | 67711 00013 | 61724 f 37 
24 | 38796 99987 | 33809 61191 00913 61204 | 36 
2539370 99907 39323 60677 00013 | Co6go | 35 | 
25 39818 99986 39832 | 690168 ©0014 ..| 60182 | 34 
27 | 40320 | 99986 40334 59666 cooled | 59680 | 33 
28 | 40816 99986 | 40530 59770 ooold | 59184 | 32 
20 |- 41307 99985 41321 58679 ©0015: 58693 | 31 
— — a 5 e AIG l N 5 "Xe J — 
30 8.41792 [9.99935 8.41807 1.58193 10. 00015 11.58 208 30 
31| 42272 99985 | 42287 | $7713 90015 57728 | 29 
32 | 42746 | 99984 | 42762 | $7238 } ooolb |. 57254. | 28 
33| 43215 99984 | 43231 56768 | oO | 56784 | 27 
34 43650 a 99984 43696 56304 00016 56320 26 
35 44139 | 99983 | 44156 55844 00017 55861 25 
25 | 44594 | 99983 44671 55389 ©0017 55406. | 24 
37 | 45944 | 99983 | 4506r 54939 | eco? 54959 | 23 
3845489 | 99982 | 45507, | 54493 00018 54510 | 22 
30 | 45930 99932 45948 | \|__54052 | oo018 54070 | 21 
40 8, 45366 #9» 99982 8.40 4038 5 385 (1.53615 10. 0018 1.53633 | 20 
41 | 46798 99987 46817 53183 oO 19 53201 19 
e 47226 99981 472485 $2755 ⁶ 0019 52774 | 18. 
| 43 47650 99980 47669 $2331 | 00019 52350 17- 
44 48069 99980 | 4808g 51911 . 00020 51931 | 16 
45 | 4%g85 99980 | 48505 51495 00920 | . 51515 | Ig 
45 | 48896 99979 { 48917 51083 00021 51104 (14 
4749304 | 99979 49325 50675 O002I 50696 | 13. 
| 4% j- 497098 99979 } 49729 50271 ©OO2 I $0292 | 12 
{49 |" $9108: 09978, 50130 [ 49870 _ 0002.2 4.9892 | In 
| 59 3, 50504 9.99978 J. 50527 1149473 1855022 1149495 | 10 
| 51 | 50857 - | 99977 | $0920 | 49080 ©0023 49103 | 9 
52 | $1287 99977 51310 48690 - 00027 48713 8 
53 517673 | 99976 ⁴ $1696 48304 00023 438328 | 7 
' 54 | $2055 94976 | $2079 47921 | 00024 47945 6 
| 55 | $2434 | 99976 | 52459 47541 00024 | 47566 | 5 
| 56 5280 99975 82835 47165 00025 47190 + 
' 57 | 53183 | 99975 | 53208 46792 00G2 5 46817 | 3 
53 53552 99974 53578 i 46422 00025 46448 | - BE 
9 | 53919 | 95974 53945 45065 | . c0cz6 46081 I 
; bo | 54282 99973 94 308 25522 00026 | 45718 Ses 
| | Co-line;” | Sine, Co- tang. Tangent. nt. Co - ſecant.] Secant, N. 
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M.] Sine. | Co-ſine. Tangent. Co- tang. Secant. Co- ſecant. 
— 2h: f . — — — 
© 8. 54232 19- 99973 8. 54309 {11.45692 [10.00026 1.45718 
1 54642 | 99973 | 54669 | 45337 00027 45358 
2 54999 ][ 99973 55027 | 44973 r 
3 55354 99972 55382 44618 00028 | 44646 
4 | 55705 | 99972 | 55734 44266 00028 | 44295 
5 | 59054 | 99971 | 56083 | 43917 00029 4.3946 
6 56400 | 99971 | 56429 43572 00029 43500 
7 | 50743 | 99970 | 56773 | 43227 00039 43257 
857084 | 99970 57114 42386 ocozge f 42916 
2222232452 | 42548 000309 | 42579 | 
10 8.57757 9.99969 5.575 [1.42212 10. 00031 1144 
11 58089 99968 58121[ 41879 ©0031 * 41911 
12 | 58419 | 09568 6845141549 | 00032 4587 
13 | 58747 | 95967 | 58779 {| 41221 00032 41253 
14 | $9072 99967 59105 40899 00033 49927 
15 | 59395 | 99966 59428 | 40572 02933 40605 
16659715 999668 59749 40251 C0034 40285 
17 | 60033 | 99965 | 50068] 39932 00034 39997 
18 | 60349 | 999655 | 60384 | 39646 00035 39951. 
79. 60662 99964. 68698 39302 00035 39338 
20 8.60973 9.99964 8.510% 11.3899 1 10. 0036 11. 39027 
27 61282 99963 61319 38681 00036 38718 
22 | 61589 ' 99963 61626 } 38374 00037 33411 
23 | 61894 | 99962 61931 } 938069 00038 33106 
24 | 62196 99962 62234 37766 00038 37804 
25 62496 99961 | 62535 37465 | 900939 37503 
26 | 62795 99961 62834 J 37166 00039 - 37205 
27 | 63091 | 99960 | 63131 36869 00040 36909 
28 | 63385 99990 63426 j 39574 00040 30615 
29 | 63678 99959 | 63748 | 36281 041 36322 
30 L. 679 9.99959 [8.04009 1.35991 flo. o 1.36032 
31 64286 99958 | 64298 | 35702 [coco 35744 
3264543 | 99957 | 64585 | 33415 | 00042 35457 
33 | 64827 99957 | 648750 | 353130 0094.3 35173 
34 | 65110 | 99956 | 65154 34346 | ecoq4 | 34890 
35 | 65391 | 99956 | 65435 | 34565 00044 | 3460g 
36 650% | 99955 | 65715 ⁶ 34285 00045 | 34330 
37 | ©5947 | 99955 | 65993 | 34007 C0045 | 34952 | 23 
38 | 66223 | 99954 | 66269 | 33731 | .00046 | 33777 | 22 
39.| ©6497 99953 | 66543 | 33457 00046 33503 22 
40 8.66769 9.99953 855545 f 33134 10. 00047 11 7 20 
41 | 67039 91952 | 67087 | 32913 00048 32961 | 19. 
42 | 67308 | 99352 | 67356 | 32644 -| 00048 | 32692 | 18 
43 | ©7575 | 99952 | 67624 | 32376 | ooo { 32425 | 17 
44 | 67840 99951 67899 | 32110 00049 32160 | 16 
as | 63104 9995 | 681584 | 31846 ©0050 31896 | Is 
46 68366 | 99949 | 68417 [ 31583 oO 31633 | 14 
47 | 68627 99949 | 68678 31322 ovore F 4314373 1 73 
48 | 68886 99943 68938 31062 . ooogs 1114 | 12 
497 {__09144" | 95947 | 69155 30804 en 
30% C6040 (9-95947 |5- 69453 11-367 [10-0053 [11730600 10 
5r | 69654 99946 6970 30292 00054 30346 9 
5269907 99946 69962 30038 00054" | 30093 8 
53 | 70159 95945 70214 29786 00055 298447 
54 | 70409 | 99944 70465 29535 09056 29591 | © 
55 } 70058 | 95944 | 70714 29286 ⁶ ooogb 29342 | 5 
56 | 70905 | 99943 | 70962 29038 | o00og7 | 29995 | 4 
57215 99942 712.48 28792 ccogB | 23849 3 
58 | 71395 975942 71453 28 546 00058 28505 2 | 
59 | 716383 999 71697 28303 ©0059 28361 * 
5 71880 99940 71940 28868 GOO 59 28120 0 
Co- ſine. ] Sine. | Co- tag. Lang zent. 1 tecant.| Secant. M 
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\ PEST. by And 


* 6 8 N N 9 
12 v. of ARTIFICIAL Lines, — and Secants. 3 Dege. 


M. Sine. Co- ſine. Tangent. Co-tang. | e |Co-ſecant.| 
o 3.71880 9.99946 [3.71940 11. 28060 10. 059 1128120 60 
172120 99940 72181 27819 00060 27880 | 59 
272359 | 99939 72420 2.7 580  ©0ObrI 27640 | 58 
3 | 72597 | 99938 | 72659 | 27341 00062 27493 | 57 
4 72534 99938 | 72896 27104. oo . | 27166 | 56 
| s | 73069 99937 | 73332 26368 006063 | 2693r | 55 
6-4 73303 | 99939 | 73366 | 26634. | coobs | 26697 | 54 
7 | 73535 | 99936 | 73600 26400 00064 } 26465 | 53 
873767 | 99935 | 73832 26168 80065 26233. | 52 
g |_73997__|_ 99934 |__74963 | 25937 f ooobs 26003 |'51 
10 [3.74226 9-99934 8.74292 ff. 25708 |10,00066 |11.25774 | 5 
It | 74454 | 99933 | 74521 25479 00067 25549 | 49 
12 | 74680 99932 | 74748 23254 o O68 25320 | 48 
13 | 74905 99931 | 74974 25026 | ooobs 25994 | 47 
14 | 75139 | 9993! | 75199 24801 00069 24870 | 46 
is | 75353 | 99930 75423 24577 00070 | 24647 45 
16 | 75575 | 99929 | 75645 | 24355 000790 | 24425 | 44 
17 | 75795 | 99929 | 75867 24133 0 W } 24204 | 43 
| 18 | 76014 99928 76087 . 23913 00072 23985 | 42 
19 | 76234 99927 _ __76306 _ 23603 |} : 00073 | 23766 | 4x 
20 [8.76451 |9-99926 6.75525 |11.23475 [10-00073 [11523549 | go 
21 | 76667 99926 70748 | | 23act. 00074 23332 | 39 
22 | 76883 99925 76958 23042 OCO7g 23117 | 3$ 
23 | 77097 | 99924 |} 77173 22327 00076 22903 | 37 
24 | 77312 99923 | 77387 22613 00076 22690 *| 36 ö 
25 77522 | 99923 | 77599 22400 . | 00977 22478 | 35 | 
26 | 77733 | 99922 77811 22189 0.078 22267 44 ö 
27 | 77943 | 99921 | 75022 21978 | 00079 22057 | 33 i 
28 | 78152 | 99920 | 78232 21768 00079 21348 | 32 : 
29 | 78360 _ 99920 _ 78441 21559 ooo | 21639 | 31 il 
Fo F. 78587 9.99970 [8.78849 127351 6.560051 21432 3 h 
31 | 78774 99918 78855 21145 O2 | 21226 | 29 0 
3278979 99917 79061 20939 00083 21021 | 28 4 
33 7918399917 79266 | 20734 | ooos3 2 81727 16 
7 34 | 79386 99916 | 79470 20530 | 00084 20614 | 26 . 
35 | 79588 | g9g15 | 79973 | 20327 | oocts 20412 | 25 Wh 
36 79789 99914 79375 | . 29125 00086 272211 | 24 [1 
37 | 79990 99913 | 80076 19924 00087 20010 | 23 11 
33 | 80139 99913 | 80276 19723 00087 19811 | 22 mk 
39 | 80388 99912 | 85476 — 523 00088 | 19612 | x; Mg 
4c 8. 80585 9.99911 8. 85% 1.19326 |10.0008g9 1.19415 7 0k: 
41 80782 99910 89872 19128 oo 19218 | 19 4 
42 | 80978 99909 $1068 18932 | ocogt 19022 | 18 104 
43 81173 | 99909 81264 ⁵ 13736 ©0091 18327 | 17 115 
44 81367 99908 81459 18541 00092 _ 18633 (16 10 
45 | 81560 | 99907 31653 18347 | 000693 18440 |.15 Ap 
46 | 81752 | 99906 | 81846 18154 00294 18248 | 14 14 
47 $1944 99905 82038 17962 00095 18056 13 1 
43 22134 99904 82230 17770 09096 17806 12 Wt. 
40 |_82324 | 99904 $2420 17579 00097 17676 | 18 lt 
50 j8.825 82573 9+99903 8.82610 |11.17399 10. C0097 1117487 | 10. 1400 
51 82701 99902 82799 17201 oog 17299 "WY 
52 82888 99901 82987 17013 00099 17113 2 4 
5333075 99900 [331775 16825 0010” 16925 7 1 
54 83261 | 99899 $3361 | 16639 oo 16739 6 1 
55 83446 | 99398 33547 16453 C0102 16554 | 5 Wl) | 
56 | $3639 99898 83732 16293 00102 16370 '] 4 10 
$7 | 33313 99897 83916 16034 00103 16187 3 bit 
538 | $3956 99896 841001590 00104 16004 2 Will 
Sg | 841977 | 99895 | 84282 1 00105 15823 I 1 
. . 84353 99894 94464 15536 05106 18642 o Il 7 
1 Co-ſine. Sine. | Co-tang. | Tangent. | Co a | Secant. | M. | | 
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DORAN E; — 33 


e e pe 
rev. ene Vines, Tangents, and gecants. 4 Des 
— ——— —T— 
HAI. Sine. ICo-fine. Tangent. Co-tang. 5 Secant. Co. ſecant. 
© . 84358 9.99894 8.84464 |11.15536 10. 00106 1. 15642 
1} 84539 9989384645 15355 00107 15401 
284718 | 99892 84826 15175 00108 15282 
384897 99891 85006 | 14995 | oon0g 151033 
4 } $5075 99890 85185 14814 00109 14925 
5 | 85252 99890 [ $5363 14637 o | 14748 
6 | $5429 99889 85540 14460 O0111 14571 
785685 99888 85717 14283 00112 14395 
8 | 85780 99387 85893 14107 00113 14220 
. 85955 [ 99886 86069 13931 COT 14 14045 
10 8.8618 9.99885 3.86243 . 13757 [10.00115 1.13872 
ir | 36301 f 99884 86417 13583 00116 | 13699 
12 | $6474 99883 | 86590 13409 00117 13526 
13 | 86645 } 99882 86763 137 corrs . 
1436816 99881 86935 13065 00119 13183 
15 36987 99880 87106 12394 . 00129 13013 
16 | 87156 99879 tian; 00120 12843 
17 37325 99878 87447 237 oe 12674 
1887494 99878 87616 12384 00122 12506 
2 87667 99827 _ 87785 142275 80721 12338 T4 
20 8. 87829 © 999876 $.87953 II. 12047 10. 00124 11. 11171 
21 87995 99875 88 120 11880 | 00125 12005 
2238161 [ 99874 88287 11713 o 26 11339 
23 88326 99873 83453 11547 00127 11674 
24 | 88490 99372 88618 11381 00128 11510 
25 88654 99871 88783 11217 09129 11346 
2688817 99870 88348 11052 o0O0130 11183 
27 | 88980 99869 89111 [1889 00131 11020 
28 89142 99868 $0274 | 1-726 00132 108 58 
2.234 2552 j 89437 | 10563 | oor33 10696 3 
30 . 89464 9.99866 $.$9598 f. 10402 10. 00134 1.10535 
31 89624 9986 5 89760 10 %́ iich 
32 89784 | 99864 | 39920 10080 00136 | 10210 
33 | 839943 99803 98 ©9920 00137 10057 
34 90102 9986290240 09 760 00138 09898 
35 90260 99861 90399 ogbos 00139 09740 
36 9041799860 | gogs7 09443 | oo140 09583 
J7 | 90574 99259 90715 69285 cool 09426 
38 | 90730 99858 90872 o S8 0142 09270 
2. 90885 99857 97028 3 02143 E 
40 6. 91040 9.99850 6.91185 11088775 10. 00144 11.089609 20 
41 | 97195 | 99855 | 921340 08660 | 0145 sos | 19 | 
WJ | vieos | o8gos | oorge. | o86gr || 
43 | 91502 9985391649 | ©8350 90147. o38498 7 
44 91655 f| 99852 91803 - O8197 00148 08345 16 | 
4% | 91807 g985T [91957 0804 3 00149 08193 15 
46 91959 99849 92110 07890 00150 o8041 1 
47 | 92110 99848 92262 07738 0151] 7890 13 
4892261 | 99847 92414 07 585 053 | 077393 1 
49 [ 92411 99846 92555 ©7435 Woes 0 op 07589 hg 
co 3.92561 {9.99845 8.92710 — 84 0. 0155 1.07439 
51 92710 99844 92866 1 0156 97220 
52 92859 | 99843 | 93025 06: 84 | 60157 | 07141 
$3 | 93907 | 99842 | 9316s 06835 00158 00993 
54 3754 | 99841 | 93313 06687 00159 0684.9 
55 | 93301 998409. | 93462 | 66538 S0 160 ] C698 
50 93348 99839 | 93609 063y1 00161 06552 
57 | - 93594 99838 93756 ob2z4z3 | C0162 96406 
58 93740 | 99837 93503 06097 00163 06260 
89 | 93885 99835 | 94049 ©5951 voihg 66175 
ff 60 | 94930 | 99334 94195 05805 | deres -} + 05970 
| | Co-iine,,4 Sine. Coatang.} Tangent. Coccant. 4 Secant. 
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FABLE V. Of ARTIFICIAL Ser, Taggents, and Secants. 5 Degs. 


| M.| Sine Co. fine. Tangent. | Co- -tang. Secant. co. ſecant.| 
o 13.94030g. 9.99834 8.94195 ttogtoz 19. 00166 IT, 05970 | bo 
11 9477 99833 94349 | 05660 00167 ©5826 | 59 
2 | 94317 | 95832 | 94485 | og515 | ' 00168 05683 58 
3 | 94461 99331 94929 | 5370 oor6g 05539 | 57- 
4 | 94603 99830 | 94773 05227 00170 05397 | 56 
5.| 94746 99829 94917 05083 00171 05254 55 
6 | 94887 99828 95060 04940 00172 05113 | 54 : 
7 | 95029 99827 95202] © 04798 00173 04971 53 
81 9570 97825 | 95344 04656 ä o0174 04830 | 52 if 
0 95310 99824 95486 O45 14 00175 04600 51 Rr 
10 [3.95459 [1-99823 13 95527 [11.04373 10. 017% 1.04550 | 50 OT 
11 | 95590 29822 | g5767 042.33 00178 | 04411 | 49 | 
12 95728 99821 95907 | 04092 00179 04272 | 48 +. 
13 | 95867. | 99820 | 96047 | - 03953 08 | 04133 | 47 1 
14 96005 99819 96187 03813 00181 03995 46 "lk 
15 | 96143 | 99817 | 96325 03675 co183 03857 | 45 3 
16 | 96280 99316 | 56464 03536 00184 03720" | 44 OT 
17 | 96417 | 99315 | 96602 ©3398 90185 03533 43 a 
13 | 96553 99814 96739 03261 00186 603447 | 42 1 fn 
19 656639 99813 4. 96377 ©2123 00187 [099 63- 41 | NOAA 
20 3.96825 5.99812 8.0% 1 (it.ozq987 |tc,o0188 [1103175 | 4o | FROM 
21 | 95960 99810 | 97150 02859 00190 03249 39 [UM 
22 | 97095 |. 99829 | g2z285 | 02714 38019 | ozgog 38 like 
23 | 97229 99808 97421 '| 22579 00192 02771 | 37 | MR 
24 | 97393 | ' 99807 | 97356 02444 . ©0193 02637 36 at 
25 | 97496 | 99806 .| g7bgi 02309 00194 | o2504 | 35 
26 97629 | 99804 97925 02175 00196 | 02371 34 
2797762 | 99803 | 97959 02041 00197 | 02238 -| 33 | 
| 28 | 97894 99802 98092 01908 00198 210 | 32 | 
29 98026 99801 98225 01775 00199 | o1974 | 31 Þ 
3o [8.98157 . 99800 [3.98 ; $4.8 1.01642 10. 00200 I. 1701843 30 
| 31 | 98288 | 99798 98490 01510 02202 01712 | 29 
32 | 938419 | 99797 98622 01378 . 00203 01581 | 28 
33 | 93549 |. 99796 | 99753 01247 90204 01450 | #7 
34 | 98679 99795 98884 01116 oc 205 0132126 ff 
35 | 93808 99793 99015 00985 00206 01192 | 25 
36 | 93937 | 99792 | 99145 o:855 | ©0208 0106324 
37 | 95056 | 9979: | 99275 00725 00209 . 00934 | 23 | 
38 99194 99790 99405 O00595 oo 210 0806 22 
-39 | 99322 {| 99788 | 99534 - 00466 00211 | 60678 21 
40 8.99450 0.99787 8.99662 [l. 00338 . 0213 1. 0650 | 20 
41 | 99577 99780 . | 99791 co2ag 0.214 00423 19 
42 99704 | 99785 99919 o0081 JI . ©0215 oo296 | 18 If _ 
43 | 99839 | 99783 [9.00046 19. 99954 | 00216 oe | 17 If 
44 | 99956 99782 00174 99326 | 0218 00044 16 | 
45 [9.00032 | 99781. C0301 99699 900219 0. 99918 15 
46 | 00207 99780 09427 99573 00220 9979 I4 | 
47 | 00332 99779 | 00553 99447 00222 9966 13 | 
48 | 00459 | 99777. | 00679 99321 002.23 99544 | 12 if 
49 | oog80- | 99776 | oo80g 99195 00224 | gogrg [11 
50 [9.00704 1[9+99774 9. 0930 [10,9g070: [19.00225 [r0.99296 10 if 
51 þ 00828 | 99772 1055 93945 00227 99172 | -9 | . 
52 0095. 99772 01179 98821 00228 99049 8 | 
53 | . 01074 99771 01393 98697 00229 98926 7 N | 
54 | 01196 | 99769 | 01427 98573 002.31 938384 | 6 If 
55 | 01318 | 99768 01550 ⁶ - 98450 002.32 98682 „ 
56 | 01440 '| 99767 01673 98327 00233 98560 4 
57 | 0156 | 99765 ↄ 57796 98204 00234 |. 98439 31 
$% | 01682 | 99794 01918 98082 0236 | 98318 2 
59 01803 | 99763 2040 97960 00237 9819741 
60. 01923 99961 | ©2162 97348 ©0249 98077 O 
os To-Iine, 'S Sine. | Co- -tang: | Tangent; [Co- ſecant. Secant, | M. 
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83 Degrees. 


Sine. Co- +" Tangent. REI | Ys Co-ſecant. | 
9.01923 9.99761 9.02162 e 10. 00239 10. avs bo 
02043 99760 02283 97717 00240 97956 | 59 

| 02163 99759 | 02404 97596 ©0241 97837 | 58 

22833 | 99757 | 02525 97475 00243 | 97717 | 57 

02402 99756 02645 97354 C0244 97598 | 56. 

02520 99755 02765 97234 0024 5 97480 | 55 

02039 | 99753 j| 02885 971500247 (97361 | 54 

02757 997 52 ©3005” 96995 00248 97243 | 53 

02874 99751 03124 96876 0024. 97126 | 52 
02992 99749 | 03242 99757 00251 97008 51 
9.03100 9.99748 9703352 10.9669 10. 02 52 10 9589 1 | 50 

03226 | 99747 03479 96521 00253 95774 | 49 

03342 | 99745 | 03597 96403 00255 96658 | 48 

©3458 99744 | 03714 | -96286 co256 96542 47 

03574 99742 3832 96168 00257 96426 | 46- 

03690 | 99741 | 03048 96051 00259 96310 | 45 

03805 99740 04065 95935 | _ 00260 96195 | 44 

03920 99738 04181 95819 00262, 96080 | 43 

04034 99737 04297 95703 00263 95966 | 42 

oaray | 99735 | ©4413 | 95587 | oo264 | o5dgr | qr. 

9. c4262 9.99734 [9-04523 1[19.95472 [10,002b6b [10495737 | 40 

OTE 3 99733 | ©4643 | : 95957 00267 | 95624 | 39 

64489 | 99731 | 04758 95242 | 00269 93510 | 38 | 
04603 | 99739 | 04873 95127 | 00270 95397 | 37 

04715 99728 04983 95013 00271 95285 | 36 

04828 | 99727 | 05101 94899 CO273 95172 35 

©4942 | 99726 | 05214 94786 00274. 95060 | 34 

o5052 | 99724 | 05328 94672 90276 949048 33 

05164 | 99723 | 05441 94559 02277 | 94536 | 32 

05275 g37=i- 4 05353 94447 |__: 02279 . 

30 9.05386 [9.99720 9.05666 10494334 _ 1000280 10.940614 | 30 

05497 99718 05778 94222 00281 94503 29 

o 5607 99717 058950 94110 009283 94393 | 28 

05717 99716 | obooz 93998 028g | 94283 | 27 

05827 99714 06113 93887 00286 | 9473 | 26 

05937 | 99713 66224 92776 00287 93963 | 25 

cbozs | .yg711 | 00335 | g3665 00289 | 93954 | 24 
606165 | 99710 { 06445 93555 00290 | 93845 | 23 | 
06264 99708 ob556 93444 Q0292 93736 | 22 

06372 99707 06665 93334 | __ 00293 | 93628 21 
g.0b481 [9.99705 j9-05775 93225 1000295 |10.93519 | 29 

ob 588 99704 o6985 93175 | ©0296 9341119 

06696 99702 05994 93006 00298 93304 | 18 |f 

06304 99701 07103 92897 00299 93196 17 

06911996909 [67211 92789 09301 93089 | 16 

07018 99698 C7320 92680 00302 92982 15 

©7124 99696 07428 92572 00304 ⁶ 92876 14 

7231 [97595 | 07536 92464 | cogos | 92769 | 13 ; 

07337 | 99693 | 07643 92357 e, | 92663 (12 

07442 99692 07759 92249 oo 92558 | 11 
5058 9.99090 9.07853 10.9142 10. 00310 10. 9245210 

07653 | 9968s 97954 92036 0311 92347 | 9 
07758 99637 8071 91929 600313 ñſ 92242 8 
4 07863 99686 | O8177 91823 00314 . 92157 7 

53 07968 | 99584 :; 03283 $1717 coz16 | 92032 | 6 
68072 99683 08389 91671 00317 91928 5 

08176 {| 99681 08495 91505 00319 91824 4 

08230 | 99580 o8601 97400 | o0zz2o0' | g1720 | 3. 

0838 3˙ 99678 08705 912998 00322 91617 2. 

08486 99677 [ 08810 91190 00323 PESTS 1 

8889 975 [es 9186 ofs 91411 | ©. 
4 Co-ſfine. Sine. * Olang. FTongent. Co- ſecant. Secant. | M- 
n . — a nt 


n e OE EIT -rroet, Fn AE ROT. 
R hl W ei g 


8 —— — 
; Sine. | Co-fine. Tangent. Co-tang. |. Secant. Co: ſecant. 
o 9.08589 [9+99675 [9.08914 10. 91086 704 COT SY 10.91411 | 60 
11 o8692 99673 09019 90981 00326 | 917308 | 59 | 
2608795 99672 03123 90877 032891205 | 58 
3 | 8897 99670 | 09227 99773 003309 | 9110357 
4 | 38999 99669 09330 99670 00331 91001 56 
5 ogror | 99667 | 09434 90466 00333 90899 55 
6 | og202 | 99666 | ©9437 92453 00334 | 90798 | 54 
'7 | 09304 99664 09640 g0360 | _ 05336 90696 | 53 
'$ | 09495 | 99662 | og742 | go258 00337 90595 | 52 
g | 09506 99661 |. 09845 90155 00339 90494 51 
10 0.09600 [ge 99655 9.09947 10. 90053 [to. 00341 0. 90394 50 
11 09706996558 | 10949 89957 | 00342 | 90293 | 49 
1209806 99656 10150 398850 00344 90193 [48 
13 | 990699655 | 10252 (89748 | 00345 90093 | 47 
14 10006 | 99653 | 10353 89047 00347 | B9994 46 
15 10106 99651 | 10454 $9540 00349 839894 | 45 
46 | 10225 99650 10555 89445 00350 89795 | 44 
17 | 10304 | g9648 1065“ 89344 00352 89696 | 43 
13 | 10402 99647 19756 $9244 | 00353 89597 42 
19 | 105 | 99645 | 1o856 89144 | 0355 | . 89499 | al 
20 [9.10599 9.99643 33 10. 89044 10. 00357 10. 89401 | 40 
21 | 10697 99642 11056 88944 | ©0358 89303 | 39 
22 | 10795 99640 11155 88845 | 00360 $9205 38 
23 10893 99638 11254 88746 00362 89107 | 37 
24 10990 99637 | 11353 88647 | 00363 $9010 | 76 
25 | 11087 99635 | 11452 $8548. 00365 | $8913 | 35 
26 | 15134 | 99633 | 21551 $8449 -| 00366 $3316 | 34 
27 | 11281 99632 41649 88351 00368 88719 | 33 
28 | 11377 99630 11747 88253 | 05370 $8623 | 32 
20 | 11474 _ 99628 11845 3 00037 88526 | 31 
30 [9.11570 9.99527 [9+11y43 flo. 10.8805 1.037% \r0.88430 | 30 
31 | 11666 99625 12040 87960 00375 88334 | 29 
32 |. 11761 99023 12138 8 87862 00376 38239 24 
33 11857 | 93622 -| 12235 | 87763 | 0378 88143 | 27 
34 | 11952 99620 | 12332 87668 00380 88048 | 26 
35 | 12047 | 99618 | 12428 87572 00381 87953 | 25 
| 36 | 12142 35827 12525 87475 0-383 - $7858 24 
37 | 12236- | 99675 12021 87379 00335 $7764 | 23 
33 | 12331 99613 12717 [37283 00337 87669 | 22 
39 | 12425 99611 12813 $7187 00388 ä 217 
40 [9.12519 9.99010 9.12999 10. 37001 flo. 0395 10. 10. 7 20 
41 | 12612 | 99608 13004 86996 | 00392 $7387 | 19 
42 | 12706 '| 99607 | 13999. 87901 00393 | 87294 | 18 
43 12799 | 99605 13194 86806 00395 $7202 
44 | 12892 99603 13289 86711 | 0039! 871975 | 16 
45 12985 | 99601 13384 86616 co398 36015 15. 
46 | 13078 99600 13478 89522 004-0 86922 | 14 
47 13171 99598 13573 86427 00402 86829 13 
43 | 13263 | 99596 | 13667 $0333 00454 86737 | 12 
49 | 13355 99595 | 13769 | $6239 C0405 86645 | 11 
50 3.13447 9.99593 013854 10. 86146 10. 00407 N 10 
| 51 | 13539 | 99591 | 13988 | 86032 0% 23646 | 9 
52 | 13630 ' | 99589 14041 85959 00411 86370 8 
53 | 13722 ⁶ſ 99588 .| 14134 85365 00412 36278 | 7 
54 | 13813 99586 14227 85773 ©0414 . $6187 BY 
55 | 13904 99584 14320 8 5680 £0410 86096 5 
56 13994 99582 144.12 85588 00418 86006 4 
57 | 14035 | 99531 | 14504 $5496 00419 335918 | 3 
-$38 | 14175 | 99579 | 14596 $5403 GO, 35325 | 2 
59 | 14266 99577 14688 85311 00427 $5734 I 
60 [ 14356, | 99575 14980 $5200 co42 5 $5644 2 
I. Co-line. . Sine. - | Co-tang.| Tangent. [Co- ſecant.] Secant. | M. 
M m 2 82 Degrees. 


T „IE V. Of ARTIFICIAL Sines, Tangents, and gecants. 7 Degs. 
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105 "ABLE v. Of ARTIFICIAL .Sines, Tangents,: and 5 Secants. 8 8Degs 


= 9 


n 


* „ — ———— 


M. 555 Co-: ſine. Tangent. Co- tang. Secant. |Eo-ſecanr, 
© 9.13356 9.99575 9.14780 10.8 5220 |10.00425 10. 85644 60 
1 14445 | 99573. 14872 85128 oo 426 85555 59 
214335 99572 14963 85037 00428 85465 58 
3 | 14624 99570' | 15054 84946 00430 | . 85376 | 57 
4 | 14714 99568 15145 843855 00432 85286 | 56 
5 | 14803 | g9566 | 15236. 84704 00434 85197 | 55 
6 | 14891 | 99565 | 15327 |. $4673 | 00435 | $5108 | 54 | 
7 | 14980 | 99563 | 15417 84583 os? 85020 | 53 | 
8.15069 99561 15508 84492 004 39 84931 | 52 
EE bY, 99569 15 598 84402 c a4 84843 or 
10 9.15245 9.99557 [9.15588 |10.84312 10. C0443 0. 84755 | 50 
2533399555 15777 > 84:22 00444 .| 84667 | 45 
12 | 1542T | 99554 | 15367 84133- |. co446 84579 | 48 
13 | 15508 99552 15956 84043 00448 84492 | 47 
I4 | 15599 | 99550 16046 83954 ©2450 84404 | 46 
is 1568399548 | 16135 $3365 CO4 52 84317 45 
16 | 15770 99546 16224 83776 00454 œ 84230 | 44 
17 | 15357 | 99545 | 26312 83638 00455: | 84143 | 43 
18 | 15943 | 99543 16401 | B359g | coe457 84050 | 42 
T9 16030 99541 16439 83501 | ©0459 .— Soq70 41 
20 9.16116 [9.99539 . 16577 10. 83423 f. C0461 10.8. 83884 40 
21 | 16203 99537 16665 $3335 | 00467” 83797 | 39 
22 | 162389 | 99535 | 16753 83247 065 | 83711 | 33 
23 16374 | 99533 16241 83159 00467 83626 | 37 
24 | 16460 99532 16928 83072 | 00468 835409 | 36 
25 | 16545 99530 | 17016 82984 |. ©0479 83455 | 35 
26 | 16631 99528 17103 82897 00472 $3305 | 34 
27 | 16716 99526 17190 82810 00474 83284 | 35 
28 | 16801 99524 17277 82723 004 76 83199 32 
29 16886 99522 77703 82637 500478: } $414 } 31 
30 9. 16070 [9.99520 [9.17450 [10.82550 f. o [10,83030 | : 
3x3 | 17055 99518 | 17536 82464 C0482 82945 
32 | „17139 99517 17622 82378 C0483 82861 
33 | 17223 99515 17708 82292 ©2485 82777 
34 | 17307 | 99513 17794 B2206 00487 82693 
17391 99511 17880 82120 00489 82009. 
36 | 17474 99509 17965 82034 | C49 $2526 
37 17558 99507 18051 $1949 | 00493 82442 
38 | 17641 99505 18136 81864 C0495 82359 
39 | 17724 | 99503 __ 18221 81779 00497 282276 
40 17807 9. 3-99501 3+ 18300 [10.81694 10. 00499 10. 82193 
4.1 17290 99499 13397 | $1609 O0ZO1 82110 
42 | 17973 99497 | 18475 81525 co503 82027 
43 | 18055 99495 18590 81440 00504. 81945 
48 |- 18137 | 95493 18644 81356 oo506 31863 
45 18220 99492 18728 81272  coge8 | B1780 
18302 99490 18812 81188 | _o0510 81698 
47 138383 | 994388 18896 81104 005 12 81617 
48 18465 99486 18979 81021 00514 81535 
49 18547 994384 f 19057. 69037 [00516 $1453 
50 [9.18628 5.99 782 9.19740 C. 80854 [10.00518 8.81372 
51 | 18709 | 99430 19229 80771 00520 81291 
52 18790 99478 19312 80688 00522 81240 
5318871 99476 19395 80605 00524 81129 
54189 52 99474 | 19478 80522 00526 81048 
55 | 19033 99472 19561 86436 00528 | 80967 
56 | 1911399470 19643. 80357 00530 80387 
$57 | 19193 99468 19725 89275 00532 |  $o807 
58 | 19273 | 99466 | 19807 830193 ©0534 80727 
co | 19353 | 99464 19885 80111 00536 80647 
bo | 194433 09462 19971 80029 £0538 80567 - 
| Coline. | Sine. .\ Co-tang.| 1 angent. Co. ſecant. Secant. 


—— 8 


CC 1 * = 


Bi Degrees 


(| M. Sine. Co- fine. 
0 9.79433 [3+ 99462 
1 1951399460 
2 | 19592 | 99458 
3 | T9672 045k. 
4 | 29751 994 54 
5 19830 99452 
619909 994.50 
7 | 19988 99448 
8 | 20067 99446 
'9 | 20145 | 99444 _ 
10 9. 20223 Js «<Y9042- 
11 20302 99440 
12 20380 99438 
13 | 20458 | 99436 
14 | 20535 99434 
I5 | 20613 99432 
15 | 20691 99429. 
17 | 289768 99427 
18 | 20845 | 99425 
19 20922 __ 99423 
20 9. 20999 9.99421 
21 21976 | 99419 
22 21153 | 99417 
23 21225 99415 
24 | 21305 |. 99413 
25 | 213382 | 9941 
26 | 21458 99409 
27 21634 99407 
28 22610 99404 
29 | 21665 2242 
30 9.277 9.99400 
31 | 21836 | 99398 
| 32 | 21912 99396 
33 21987 99394 
| 34 | 22062 99392 
| 35 | 22137 99390 
36 22217 99388 
37 |. 22286 99385 
38 22361 99383 
39 | 22435 | 99331 
4c 19+22509 9.99379 
41 22583 | 99377 
42 | 22657 | 99375 
4.3 22731 99372 
44 | 22805 99370 
45 | 22878 | 99268 
46 | 22952 99366 
47 | 23025 | 99364 
48 23098 99362 
7 49 23171 | 99359 
rw] LAID FI 
50 9.23244 0 99357 
5123317 99355 
5223390 | 99353 
53 | 23462 | 9935: 
| 54 | 23535 99348 
55 23607 99346 
| 56 | 23679 | 99344 
$7 | 23751 99342 
58 | 23827 99 340 
590 23395 99337 
| v0 | - 23907 99375 


85 . tine. Sine. 


— 


"Vo Degrees. 


—— —ͤ— 


— 


| Pans | Co- 2 Secant. Co-ſecant.| | N 
9.19972 10. 80029 10. 0638 0. 80567 60 
20053 79947 | co549 80437. | 59 
20134 79865 | o00542 80403 | 58 
20216 79784 | 00544 | 80328 | 57 
20297 79703 00546 80249 | 56 
20378 79621 00548 80171 | 55 
20459 | .79541 00550 || Boogt | 54 
20540 79460 00552 80012 | 53 
20621 79379 00594 79933 | 52 
4+ | O77" -1  _ 1030p | - 009d 79355 1-00; 
2.20782 |10, 79218 0. 00558 10. 79777 | 50 
20862 79138 05560 79698 | 49 
20942 79058 00562 79620 | 48 
21022 78978 00564 79542 | 47 
21102 78898 00569 79465 | 46 
21181 78818 oO 568 79387 45 
21261 78739 | 02570 79309 | 44 
21340 78659 00573 79232 | 43 
21420 78580 . 00575 791585 | 42 
22222 78501 e577 79078 47 t 
9. e e 10s 73422 10,00579 fro. 79001 40 
| 78343 00581 78924 | 39 
LG 78264 o0583 78847 | 33 
21814 78186 0058 5 787 [ 
21893 78107 00537 78694 | 36 
21971 78029 ⁶ 60389 78618 | 35 
| 22049 77951 | - 09591 738542 | 34 
22127 77873 C9593 73465 | 33 
22205 77795 00595 78390 | 32 
22283 77717 00598 78315 37 
9.22361 10. 77039 fo. oo 10. 78239 30 
22438 77562 00602 78164 | 29 
22516 77484 00504. 78088 | 28 
22593 77407 ,oobob. 78013 | 27 
22670 77330 | oobos 77938 | 26 
22747 |. 77253 | oobio-| 7786325 
22824 77177 00612 77788 | 24 
22901 | 77099 00615 77714 | 23 
22977 | 77022 00617 77039 | 22 
23054 76946 cob19 77565 | 21 
9.23130 j10.70687 j10.00621 0.77491 20 
23206 76793 0062.3 593174 19 
23283 26717 o0b25 | 77343 | 18 
23355 76041 00028 77269 17 
23435 76565 00635 77195 | 16 
23510 76490 co632 7122 | rg 
23586 76414 0634 04d: 1-78 
23661 76339 | 09636 76975 | 13 
23737 76263 0 638 76902 12 
23812 76188 84 76829 | In 
9.23887 [10.760113 0. 50543 10.760756 | 10 
- 33odz 76038 - cobgs 76683 9 
24037 75963 oop6b47 | 76610 8 
24172 7588 00649 76548 7 
24:36 1585 C2652 7645 6 
24261 75739 | 64654 76393 | 5 || 
( 24335 | 75665 00655 76321 | 4 
24419 | _ 75599 90658 | 76248 | 3 
24484 75516 0 660 76177 2 
24558 75442 00663 761060 * 
24033 | 75368 cobbs 76033 oO | 
+ Co-tang.] Tangent. | Co ſecant. | Secant. INM. 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. Io Degs. q 
M. | Sine. | Co-ſine. Tangent. - Co-tang. Secant. |Co-ſecant. | 
© 9.23967 9.99335 9.24632 1075368 fro. 00665 10. 76033 60 
1 24939 | 99333 | 24706 75294 0667 | 75961 | 5 
2 | 24110 | 99331 | 24779 | 75221 98669 | | 75590 | 58 
3 | 24131 99328 243853 } 75147 3 n 
4 | 24253 | 99320 | 24926 75074 | 100674 75747 | 56 
5 | 24324 | 99324 | 25900 75000 | 00676 75979. 8 
6] 24395 | g93z22 | 25073 7492700678 75605 
7 | 24466 | 99319 25146 74854 00632 _ 
8 24536 | 99317 | 25219 74781 | ' 00683 
9 24607 99315 25292 2423 0585 
10 9.24677 9.99313 5 25355 10. 0.74635 10. 0687 10. 75323 50 
II 24748 99310 25437 74563 00690 75252 49 It 
12 24818 | 99308 | 25510 74490 006g2 75182 | 48 f 
13 | 24888 99306 25582 74418 00694 731 | 47 
1424958 99304 | 25655 | 74345 00696 75942 | 46 
15 | 25028 99301 | + 25727 74273 cobgg 74972 | 45 
| 16 | 25098 } 99299 | ,25799 | 74201 007k 74902 | 44 
17 | 25168 | 99297 | 25877 | 74129 09703 74332 | 43 
1s | 25237 | 99294 | 25943 | 74057 | 00706 74762 42 
_I9 |__25307 . | 99292 | 2bo15 73985 00708 '| 74693 |4_ | 
20 9.25376 . 799290 9.26086 10. 73914 {l0.09710 [1.74623 40 2 
21 | 25445 | 99238 | 26153 73842 | 00712 74555 | 39 2 
22 | 25514 99285 26229 73771 00715 74486 ̃ð 33 2 
23 | 25533 9928326301 73699 | 00717 74417 | 37 2 
24 | 23652. | 99281 | 26372 | 73628 00719 74348 | 36 2 
25 | 25721 | 99278 | 26443 | 73557 | 00722 | 74279 | 35 2 
26 | 25790 99276 26514 73486 co724 74210 34 + 
2723858 99274 | 26585 73415 00726 74:43 1 33 2 
28 | 25927 | 99271 | 26655 73344 | 00729 74073 | 32 2 
29 | 25995 | 99269 26726 73274 | 00731 74005 | 31. 2c 
30 5.25063 99267 26797 [10.73203 |10.00733 |19-73937 | 30 3c 
31 | 26131 992654 ⁶ 26867 73133 00736 73869 | 29 31 
32 | 26199 99202 26937 73063 00738 | 73801 | 28 32 
33 26267 99250 2 7008 72992 |. co741 773 27 33 
34 | 26335 | 99257 | 27078 | 72922 |. 00743 73605 | 26 34 
35 | 26493 | 99255 | 271438 | 72852 00745 73597 | 25 35 
36 | 26470 | 99252 | 27218 | 72782 00747 73539 | 24 36 
37 | 26538 99259 | 27288 72712 | 00750 73462 23 37 
38 2660899248 | 27357 72643 007 52 73395 | 22 38 
32 | 26672 99245 | 27427 | 72573 00755 73328 | 21. 39 
40 9.26739 9.99243 . 27490 fl. 72 504% 10. 00757 10. 73201 20 40 
41 26806 99241 27566 72434 007 59 73193 | 19 41 
42 | 26873 99238 | 27635 | 72365 | 05762 | 73127 | 18 42 
43 | 26940 |. 99236 | 27704 72296 co764. 739560 | 17. 43 
44 | 27007 | 99333 | 27773 ſ 72227 00766 | 72993 | 16 44 
45 2707399231 27842 72158 00769 72927 | 15 45 
46 | 27140 899229 27911 72089 00778 | 72860 | 14 45 
47 | 27206 | 99226 | 27980 72020 0774 72794 | 13 47 
43 } 27273 99224 28049 71951 00776 72727 12 48 
49 | 27339 99221 23117 71883 | __00779 |_ 72661 1 49 
50 9.27405 [9.99219 [9.28186 10. 71814 |10. 10.0078x 10. 72595 | 10 50 
$1 | 27471 99217 28254 71746 00783 725299 51 
52 27537 99214 -| 28323 716% 1]  o05J86 72463 |'8 | 
27602 99212 28391 71609 00788 72398 7 
27668 99209 28459 71541 00791 | #72332 6 
27734 | 99207 | 28527 71473 co793 | 72266 | 5 
27799 | 99204 | 28595 71405 00796 72201 | 4 
27364 99202 28662 71338 00798 72136 3 
27930 99200 28730 71270 003009 72070 2 
27995 99197 28798 71202 00803 72005 I 
28060 9995 .| 28865 71135 oo0805 729499 | © 
ul Co-line. | Sine, | Co-tang.| Fenz e e 7 Secant. IM. 
79 Degrees, 


TastE V. Of ARTIFICIAL Sines, Tangents, and Secants. 11 Degs. 


| _ — 
M. Sine. | Co-fine. Tangent. | Co-tang.; Secant, Co- ſecant. 
© 9. 28060 [9.99195 9.28865 10. 71135 [10.00805 1 7194 
1 28125 99192 [28933 71067 oo808 | 71875 
2 | 28190 99190 | 29000 71000 | oo810 |. 71810 
3 | 28254 99187 29067 + 70933 09813 71746 
4 | 28319 [ 99185 | 29134 70866 600815 71681 
928384 99182 29201 50799 | 00818 | 71616 | 
6 28448 99180 29268 70732 00820 - JI - 
231 aq 99177 29335 70665 | 00823 71488 
8 | 28577 (99175 29402 70598 0082 5 71423 
9 28641 99172 29463 | 70532 00828 71359 
10 9. 28705 9.99170 . 29535 10. 70465 10. 00830 1.71295 
iz | 28769 | 99107 29601 70399 00833 71231 
i2 | 28833 99165 29668 70332. o0835 71167 
13 | 28896 99162 29734 70266 co838 71104 
14 | 28960 99160 29800 70200 00840 71040 
15 29024 99157 | 298066 70134 20843 79975 
is | 29087 99155 29932 | 70068 ©9845 70913 
17 | 29150 99152 29998 70002 00848 70850 
18 | 29214 99150 30064 69936 00850 70786 
Ig | 29277 99147 | 30130 _ 69870 00853 70723 
20 9.29340 9.99145 9. 30195 10. 608056 10. 00855 10. 70600 
21 29403 | 99142 30261 69739 008 58 70597 
22 | 29466 | 99140 30326 69674 0860 70534 
23 | 29529 99137 30391 69609 00863 70471 
24 | 2959199735 | 30457 69543 00865 70409 
25 | 29654 99132 30522 69478 00868 70346 
26 | 29716 | 997130 | 30587 69413 oc$70 70234 
27 | 29779 99127 30652 69348 00873 |. 70221 
28 | 29241 99124 30717 6928300876 70159 
29 | 29903 99122 39732 69218 00878 70097 
30 [9.29966 9.99119 [9.30846 10. 69154 j10.00881 10. 20034 
31 þ 30028 99117 30971 69089 00883 69972 
32 30090 99114 30975 6902 5 00886 69910 
33 | 39151. { 99112 31040 68960 00888 69849 
34 30213 99109 31104 68896 o0891 69787 
35 | 30275 991060 | 31168 * 63831 | 00394 69725 
36 | 30336 f 99194 | 31233 63767 90896 69664 
35 30398 99101 31297 68703 89e 69602 
3% | 32459 | 99099 | 31361 68639 dog 6941 
30521 __ 99996 31424 | 68575 ©0904 _ 3 
9.9959 31489 |10.68511 |10.00907 [10.69418 
99091 31552 68448 cc og 69357 
99088 31616 68384 00912 69296 
99086 | . 31679 ⁶ 68320 00g 14 69235 
99083 31743 63257 oogt7 69174 
99080 31806 68194 oc 69113 
99078 31870 68130 C0922 69053 
99975 31933 63067 ©0925 68992 
99972 | 31996 63004 00928 | 68931 
99970 32059 679041 00930 68871 
9. "99067 _ 9.32122 10.67878 1.00933 0.68811 
99064 32185 67815 | 00936 68750 
99062 | 32148 67752 0938 68690 
99059 32311 67689 00941 62630 
99056 32373 | 67627 ©0944 63570 
99254 32436 67564 | 00946 | - 68510 
99051 | 32498 67502 00949 68451 
99048 32561 67439 009 52 68391 
99046 32623 67377 C0954 68331 
99043 32685 67315 0957 68272 
| 99040 32747 61252 cogbo 68212 
Sine. 113 1 TANGENT; \Co-fecant, 0 Secant. 
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77 7 Degrees. 


N.] | Sine. Co-kines [Tangent Co-tang... Gent. (Co-focant, 
o 9. 31788 [9.99040 9. 32747 10. 7253 tO. 0960 j10.68212 | 60 
14 31847 99038 32810 671925 09962 68153 | 59 
=, 31907 99035, 32872 67128 60465 68093 | 58 
3 | 31966 9903232933 67067 00963 68034 | 57 
4 | 32025 | 99030 32995 67005 | ©* 00970 67975 56 
5.| 32084 | 99027 | 33957 65043 00973 67916 | 55 
632143 | 99024 33119 66881 029706 67857 | 54 
7 32202 | 99022 33180 66820 oog78. 67798 53 
8 32261 99019 33242 66758 oc 98. 67739 52 
. 32319 | 99016 _ 33393 66697 00984 67681 51 
10 9.32378 9. © 99013 9.33305 10. 18.6863 18. 90987 10. 67622 50 
111 32437 [9901 33426 66574 00989 67563 29 | 
12 | 32495 | © 99008 | 33487 66513. | 00992 67595 | 48 
| #3 | 32553 | 99c05 | 33548 | 66452 00995 67447 | 47 
14 | 32612 | 99002 33609 65391 - coggs 67388 | 46 
15 32670 | 99000 33670 66330 01009 67130 45 
16 32728 * 32731 66269 01003 67272 | 44 
17 32786 98994 33792 66208 01006 67214 43 
18 323844 | 9899! 33853 69147 01009 67156 | 42 
19 32902 | 93939 22 60087 | 101 67098 | 41 
20 [9.32960 98986 33074 10.660 26 fo. C1014 10. 67040 40 
21 | 33018 98983 -| 34034 657566 01017 66982 39 
22 33975 98980 34095 65205 01020 60925 3 | 
23 | 33133 | 93978 | 34155 65825 f o1922 66867 | 37 
24 | 33190 98975 34215 65784 01025 66810 | 36 
25 | 33248 | 98972 34270 ⁰¼& 065724 01023 66752 | 35 
2633305 | 98969 34336 65664 1031 66695 34 
27 3336298967 34396 65504 01033 66638 33 
28 33420 98964 34456 65544 0 1036 66580 
29 33477 | 98961 | 24516 6<484 01019 65523 | 
30 9. 3353+ 9.98958 [9- 34570 [10.63424 to. 0042 10. 06406 
31. 3359: [98955 | 34935 65365 | o1045 66409 | 
32 | 33947 | 98953 '| 34695 65395 01047 66352 | 
311 33704 98950 34755 65245 01050 66296 
34 | 337601 | 98947 | 34814 65186 01053 65239 
35 | 33813 98944 34874 65126 01956 66182 
36 3387 | 98941 | 34933 65067 01059 66126 
37 | 33931 | 93938 | 34992 65908 o16h2 60069 
33 | 33987 98936 | 35951 64949 01064 66013 
B9 | _ 34943 | _ 93933 | 351tr | 64859 | oroby | 65957 
40 ). 34100 [9.98930 9.3570 [to 64530 10.01070 10. 65900 
41 24156 98927 35229 64771 01073 65841 
42 34212 98924 35288 647% 01076 65788 
43 | 342638 | 98921 -| 35346 64653 01079 65732 
44 | 34324 | g8919 354995 | 64595 | o1038r 65676 
45 34380 | 98916 | 35464 64536 01054 65620 
| 46 | 34435 98913 35523 64478 01097 65564 | 14 
47 | 34491 [9897 35581 64419 01090 65529 13 
48 | 34547 | 98907 35640 | ©4300 ©1093 65453 | 12 | 
49 34602 98904 35698 64302 01096 65398 11 
50 [9- 34658 9. 98901 9.35757 10. 64243 [10.01c9y [10.65342 | 10 
51 34713 98898 35815 64185 O1102 65287 9 
52 | 34769 98896 35873 64127 1e 65231 8 
53 | 34824 98393 35931 64069 o 65176 | 7 
54 343879 98890 35989 64011 i | ograr | 0 
55 | 34934 [98887 36047 63953 1113 65066 | 5 
50 | 34989 98884 36105 63895 01116 | 55011 4 
$7 | 35944 | 93381 | 36163 | 63837 | otirng | - 64956 | 3 
58 | 35099 98878 36221 63779 601122 64901 2 
591 35154 [ 98875 | 36279 63721 | 91125 64346 | ' 
60 35209 98872 36336 63664 01128 64791 0 
| | - | Co-fine. | Sine. | Co-tang. | Tangent. r ſecant. | Secant. | © N. | 
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Sine. | [Tangent: Co-tang. | Secant. Co-fecant. 
9.35209 9.36336 . 10. 01128 10. 64791 
35263 36394 63606 01130 64736 
35378 36451 4 . 63548 CII33 64632 
35373 | 36509 | 6349 01136. 64627 
35427 36566 63434 01139 64573 
35481 36624 63376 01142 64518 
35536 36681 63319 OFI45 | 64464 
35590 36738 63262 01148 64410 
35644 36795 63295 071751 64356 
25698 35852 | 63148 01154 6430 
9.35752 36909 10. 63091 (0.01157 64248 
35806 36966 63034 01160 64194 
35360 37023 62977 | 1163 64140 
35914 37088 62920 | o1166 64086 
35968 37137 62863 01169 64032 
36021 37193 62807 [ -01172 63978 | 4 
36075 37250 62750 61175 63925 
36129 37306 62694 01178 63871 
36182 37363 62637 01181 63818 
| 3623 37419 62581 —1184 63764 
3. 36289 ). 37476 10. 62524 10.601187 10. 63711 
36342 37532 624638 01190 63658 
36395 37588 62412 61193 63605 
36448 37644 62356 | 601796 63551 
36502 37700 6:300 61199 63498 
36555 37756 62244 Or 202 63445 
36607 37312 62188 01205 63392 
36560 37868 62132 01208. 63340 
36713 37934 62076 01211 63287 
36766 27980 62020 01214 . 
9. 36818 7. 38035 to. 61905 0.01217 10. 10.3181 
3687 38091 561909 ene 63129 
36924 38147 61853 01223 63076 
36976 38202 61798 61226 63024 
. S702% 38257 61743 „ 62971 
37081 33313 61687 C1242 62919 
17173 38368 61632 61235 62967 
37185 35423 | 6577 012.39 62815 
37177 38479 61521 01241 62763 
37289 38534 61466 01244 62711 
3734 38589 > 61411 10. 01247 10. 62059 
27393 35644 61356 01250 62607 
37445 | 38699 | - 61301 | o1254 62555 
37497 35754 61246 | o1257 62593 
37549 23808 61192 01260 62451 
37600 38863 61137 01263 62400 
37652 38918 61082 01266 62348 
37703 33972 61028 01269 62296 
37755 39027 62973 | 9127262235 
37806 39081 69918 01275 62194 
9.37858 1.39130 60564 [19.01275 0. 02142 | 10 
37909 39190 60810 1291 ' 62091 9 | 
37960 39245 62755 1235 } 62040 | 8 
38011 39299 60701 CI288 61989 7 
28062 39353 60647 01291 61938 6 
39113 . 39407 69593 0 294 61837 5 
33164 39461 62539 ©1297 61856 4 
38215 39 60485 01300 61785 3 
38266 39569 6042 ©1303 61734 | 2 
38317 39623. 60377 91306 ] G616:9 | *'1 
33368 39677 60329 01310 61632 © 
| Co-fine, | Sine. | Co-tang. Fan gent. nk fecit. Secant. | M þ 
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| Co-fine, 1 Sine. 1 Co- tang. | Tangent. Co- lecant. [ Secant. XI. 
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7 75 Degrees. 


| M.] Sine. | Co- ſine. Tangent Co- tang. Secant. Co. ſecant. | TOR 
© |). 33368 9.98690 5.39677 to. 60323 0.01310 0. 61632 60 
I 33418 | 98687 39731 60269 91313 61582 59 
238469 908684 39785 60215 01316 61531 5 
3 |. 38319 98681 33838. 60162 01319 6148157 
4 | 38570 [98678 39392 60 108 51322 61439 | 56 
5 | 38620 | 98675 | 39945 | 60054 67325 | 61380 | 55 
3 38670 98671 35999 600 01329 61330 62 
71 33721 98668 40052 59948 61332 61280 53 
81 38771 98665 40106 59894 901328 61229. 52 
91 38821 98662 40159 59841 1338 61179 | 51 
10 |). 338871 |3-g98653 [3.40212 flto. 557356 10. 57341 0.61129 50 
1138927 98655 40266 59734 01344 61079 | 49 
12 | 38971 |. 98652 40319 59681 C1345 61029 |} 48 
13 | 39021 | 98649 | 4:372 59623 þ 51351 | 60979 47 
14 | 39071 [98646 42425 59575 01354 60929 46 
is | 39121 | 98643 4047/8 | 59522 61357 60879 | 45 
16 | 39170 98647 | 40531 59499 * ©1390 60830 | 44 
17 | 39220 98636 40584 | 59416 01364 | 60780 43 
[ 18 | 39270 | 989033 40636 59363 01365 60730 42 
19 39319 98630 40689 89311 01370 60681 41 
20 9.393090 0.98627 3.40742 10459255 | 1.01373 110. 60631 40 
27 | 39418 98623 |, 40795 | $9206 01377 | 50582 | 39 
22 } 39467 98620 | 40847 $9153 01380 60533 38 
123 39517 98617 40900 59190 01383 60483 37 
2439566 | 98614, 45952 59048 07386 604.34 | 36 
25 39615 | 98610 | 41004 52995 1390 60385 35 
26 39664 | 98607 41057 58943 01393 60339 34 | 
2. 439713 | 98 bog 41109 58891 01396 60287 33 
28 } 39762 |' $8601 41161 588 39 0139 6560238 32 
29 | 39811 98597 41214 568-86 01403 60189 31 
| 3> 3.39860 5.98594 9.41266 0.58734 [10,01400 [10.601,0 | 39 
1 39909 98591 41318 53582 01409 co 29 
i 32 | 39957 98588 41370 58630 01412 60042 | 28 
33 4c006 | gf5?4 41422 58578 01416 50994 | 27. 
1 | 40955 9858141474 58526 01419 59745 26 
3540703 98578 41526 58474 01422 59896 | 25 
36 acr52 |} 98574 | 41577 55422 01426 59848 | 24 
| 37 | 40209 98571 41529 58371 01429 59800 23 
840249 58508 41681 58319 01432 $9751 |-22 
$139 | 42297 | 93565 | 41733 $3267 01425 $9702 | 21 
| 40 |3.49345 . 985% 9.41734 0. 58210 0.01439 to. 59054 | 20 
4140394 98558 41836 58164 1442 59606 1% 
42 4044298555 41857 $8113 01445 59558 | 19 
{43 | 40499 | 98551 41939 58061 01449 59510 | 17 
44 40538 98848 41990 58010 91452 59462 16 
45 | 40586 | 98545 | 42041 57958 01455 59414 | 15 
b| 46 | 40bzg |} 98541 42093 | 57907 1459 59366 | 14 
| 47 40682 98538 42144 57856 01462 59318 13 
48 | 40739 | 98535 | 42105 57805 01465 69270 | 12 
40 | 40778 98531 42246 $7754 91459 69222 1 
50 ). 40825 9.98528 9.42297 10. 57703 10. 01472 9.59175 10 
54073 | 98525 | 42348 | 57652 01475 59127 7 | 
$2 40921 | 98521 42399 $7601 O1479 $9079 5 | 
53 40968 98518 42459 57550 01432 5833 7 1k 
F 54 | 41016 98515 42501 | 57499 01485 58984 { © 
F| 55 { 4063 98511 42552 57448 01489 N 
56 41111 98508 42603 57297 01402 88889 4 
57 | 41153 [98504 | 142653 57347 01495 58842 | 2, 
$3 |} 41205 98801 | 'q2704 57296 01499 $3795 | 7 
59 | 41252 93498 42755 57245 C1502 . 
50 41300 93494 42805 87195 ©1506 C8700 = 
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TABLE V. Of arTIFIcTa Sines, Tangents, and Secants. I5 Deg, _ 


— f 4 3 
M.] Sine. Co-line. Tangent. | Co-tang. | Secant. Co- ſecant. = | 
c [3.41300 9.98494 9.42805 10. 57195 [10.01506 [:0.58700 60 1 
i | 41347. [ 98491 428 56 $7144 01509 53653 | 59 If | 3 
2 | 41394 | 9848$ 42906 |. 57094 01512 58606 -| 58 | * 
3 | 41441 | 98484 | 42957 | 57043 01516 58559 ⁴ 57 
4 | 41488 98481 | 43007 | g6993 01519 | $5512 | 56 
5s | 41535 | 98477: | 43957 56943 01523 58465 55 
6 | 41582 | 98474 | 43108 56892 601526 58418 | 54 . 
- 7 | 416258 | 98471 | 43158 56842 1529 58372 (53 
8 | 41675 908467 | 43208 | 56792 01533, $8325 | 52 
9 |_ 41722 | 98464 | 43258 56742 |__ 01536 58278 | 51 
10 9.4768 [9.9840 [9.45308 10. 66692 [10.01540 10, 58232 | 50 
11.4185 | 98457 | 43358 | $6642 91543 ww 459 
#$| 12 41861 98453 4308 |. 56592 01547 58138. | 48 
13 | 41908 98450 | 43458 56542 | 61550 | 58092 | 47 
114 44954 | 98447 43508 655492 O1553 58-46 | 46 
$| 15 | 42cal 98943 | 43558. | 56442 21557 57999 45 
166 | 42047 68440 | 43607 | 56393 01560 57953 | 44 
b| 17 | 42093 | 93435 | 43657 | 56343 01567 | $7907 | 43 
13 | 42139 | 98433 } 43707 59293 | . 01567 57860 | 42 
...d. , org jr e700 pa 
10 5.422329. 98429 _ 9. 43806 10. 56194 0. 01574 1. 577b8 | 49 
21 42278 98422 43555 56145015783 5772239 
2242324 98419 | 43995 56095 01581 57676 38 I 
21 | 42370 | 98415 | 43954 | 56046 |* 01584 57630 | 37 
24 | 42416 | 98412 44004 55996 01888 57584 | 36 
25 | 42461 93409 | 44053 55947 O1591 $7539 35 
26 | 42507 [98405 | 44102 55398 |. o1595 57493 34 } 
27 | 42553 | 98402 | 44151 | 55343 01598 | $7447 | 33. | 
28 | 42599 93398 44201 | 55799 01692 574 32 
T . Se 
50 0.42550 9.98391 [1.44299 10. 55701 ff. 01609 10. 5710 30 
31 42735 | 98338 | 44343 55652 91612 57265 ð 29 
2 | 42781 598384 | © 44397 55603 01616 57219 ĩ 18 
3342826 9838144446 555584951619 $7174 | 27 | | 
34 | 42872 [9837 44495 $5595 016279 | 7420-26 | 
35 | 42917 | 93373 | 44544 | $3459 | or62s 57983 | 25 
35 | 42962 | 98370 | 44592 $5408 630 57038 24 4 
37 |. 43007 |. 98366 [ 44641 $3359 01634 56993 23 4? 
33 | 43953 [9836344690 | 55310 o1637 $9947 | 22 | I 
| 39 | _43998 | 98359 | 44733 | 55262 | owbar | 56goz 2 | 
40 943143 9.98356 9. 44787 10. 55213 10.016044 10. 56357 '| 20 1 = 
| 41 | 43188 | 98352 | 44836 55164 01648 | 56812 | 19 1 
| 42] 43273 "1 99909 | any | -  S5008 91551 56767 | 18 4% 
4343278 | 98345 | 44933 | 55067 61655 56722 | 17 if = 
44 | - 43323 (98342 44981 55019 01658 50677 | 16 | == |! 
| 45 | 43367. | 98338 | 45029 54971 01602 56622 us . 
46 | 43412 98334 45078 54922 01666 $6588 14 If 1 
47 | 43457 | 98331 | 45126 54874 51669 56543 | 13 1 
48 43502 98327 45174 54.326 01673 56498 12 ö 1 1 
49 | 43546 98324 45222 54778 16760 | - $6454 | 17- | 1.406 
50 [3.43591 9.95320 9.45271 fl. 54729 f. 1080 1.5949 10 4; 1/4 
51 | 43635 93317 45319 | 54681 016833 6506365 9 1 
52 | 43680 | 98313 | 45397 54633 | 01657 5620 8 . 
53 | 43724 98309 | 45415 54585 01691 56276 25 my 
54 | 43769 98306 45439 54537 016904 506231 6 9 
55 43813 98302 | 45511 54489 01698 g6b187 | 5 _ | 
50 | 43857 ] 93299 45559 £4441 1701 ; 56143 (4 | | 10 
4390 | 98235 | 45669 | 54394 %% 56% 3 10 
© | 43949 98201 45054 $4340 01703 { $6054 | 2 | 1 
59 43999 98288 45702 54293 01712 | 56010 1 i | 
bi Of 44c4g 28284 57 50 | 542.59 Q1719 1 c66dG& 4: 14 
1 n Sine. . | Co-tang. | Tangeut, Co- lecant. 1 Sccan ant. | M. iq. þ bt 
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TAE V. Of Ax riricf Al Sines, Tangents, and Secants. 16 Degs. 4 
Sine. Co-line. [Tangent:]"Co-tang. | Secant. [Co-ſecant.| * 
© 9.44034 9.98284 9.45750 10. 54250 [10,01716 j10.55966 | bo j 
1] 44078 | 98281 | 45797 | 54203 01719 55922 | 59 
2 | 44122 | 9g277 | 45845 54155 | 01723 55878 | 58 
3 44166 |. 98273 | 458392 54128. 01727 55334 | 57 
4 44210 98270 | 459499 54060 01739 | 535790 | 56 
5] 44253 | 938266 | 4:987 54013 017-34 55746 | 55 
6] 44297 98262 | 46035 53995 . 01738 Þ . $5703. 4 
7 | 44341 92259 - | 40082 53913 | 01741 55059 | 53 
| 8] 44385 98255 45130 53870- 01745 55615 |} 52 
9 | 44428 ⁰ 98251 | 46177 | 54923 o1749 55572 [1 
10 6.44472 [9.98248 . 40224 10. 53776 flo. 01752 10. 55528 | 50 ; 
| 13} 44515 93244 | 40271 53728 01556 55484 49 
1 12 | 44559 58240 46319 ⁶ 53681 | 021760 55441 | 48 
13 | 44602 | 98237 | 46365 53634 | | 02703 55397 | 47 | 
| 14 | 44646 | 93233 | 46413 53587 21767 55354 | 46 | 
15 | 44689 98229 46460 53540 01771 55311 45 
i6 | 44733 | 93226 | 46507 53493 | 01774 55267 | 44 | 
fi 17 | 44776 98222 46554 534406 01778 55224 | 43 | 
18 44819 98218 46601 53399 01782 55181 | 42 
i9 | 44802 98215 4.5648 53352 01288 35138 | 4. 
20.449005 9. %8 211 0.46694 10. 5330 0.01789 10. 55995 | 40 | 
21 | 44948 98207 | 46741 53259 © ©1793 55051 | 39 F/ 
| 22 | 44991 | 98203 4.6788 $3212 01796 55008 38 | 
23 | 45235 | 93200 | 46835 53165 1890 54965 | 37 | 
jj 24 | 45977 98196 4.5881 3019 01904 54923 | 39 | 
25 | 45120 98192 46928 53072 0808 54880 | 35 N 
126 45763 | 98139 | 46975 $3025 | . 01810 54837 | 34 | 
27 | 45206 | g8185 | 47021 52979 1815 54794 31 | 
28 | 45249 98181 47068 | 52932 81819 | $4751 | 42 
29 | 45292 98177 47114 52886 01823 $4708 3 | 
39 0.45334 [1+98174 9.47160 10. 52840 0.01826 0. 54666 | 39 ö 
1137 | 45377 98170 | 47207 | 52793 C193) 54624 | 29 | 
32 | 45419 | 98166 | 47253 | 52747 01854 54581 | 25 + 
| 33 | 45462 98162 47299 | 52701 C1338 54538 | 27 
W341] $5594 | [98159 47346 52654 01841 | . 54496 | 26 
35 | 45547 | 98155 | 47392 52608 01845 54453 | 25 | 
1136 | 45539 | g815« 47438 52562 | 018349 $4411 24 i 
J| 37 | 45932 | 93147 47484 32516 1353 54368 | 23 5 
38 | 45674 | 98144 | 47530 | - 52471 01856 54326 | 22 | 'S 
$32 45716 _ 98140 47576 52424 01260 54284 21 - 
40 9.45758 9.98130 |3-47022 [1c.52378 0.01864 j1,,53242 | 50 | 4 
41 | 43801 g381332 | 47668. 52332 01898 53199 | 19 | 4 
4245843 93128 47714 | $2286. | ound 55 8 4 
43 45885 98125 | 47960 | 52240 01875 „ | 4 
ſi 44 | 45927 98121 | 47806 52194 ©1879 53073 | 16 | 4 
45 | 45969 98117 47852 52148 91883 53031 15 4 
| 46 | 4toin 98113 47897 52102 1387 53989 14 4 
F| 47 | 46053 | 93109 | 47943 52057 01890 $3947 | 13 4 
48 | 46095 98186. 47589 52011 01894 53905 | 12 4 
49 | 45136 98102 4803 51965 61598 53864 Do | 4: 
50 5.46178 . 980%8 48080 [i. 31920 10.801902 10. 53822 10 50 
51 45220 98054 48126 51874 01906 53780 9 y 
52 | 46202 98090 | 48171 51829 ©1910 53738 | Þ 52 
53 | 45393 | 99:87 "| 48217 | 51733 91913 „ $3 
54 | 46345 | 938083 | 48262 $1738 | 04917. $3955 | © 54 
55 45386 98579 45307 51692 01921 53614 5 85 
5645328 | g8075 | 45353 51647 01925 53572 | 4 56 
57 45469 98071 45398 54602 01929 1} $8532- 1-3] Fi 57 
58 | 46511 | g8067 | 48443 | 51557 61933 | 53489 | #1 55 
59 4655298063 45489 51511 ©1937 5% % [| ' | I 59 
bo t 45394 98060 43534 51466 0 $3496 | © Sa 
Co. ine. Sine. | Co-tang.| Tangent. |[Co-lecant.] Secant. | a 
— —— —_ oy — 


Ties. E V. Of ARTIFICIAL Sines, Tangents, and Secants. 17 Degs. 
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* 


| M. Sine. | 
+ © 16695 
146635 
246676 
3 225 
114475 
5 49800 
. 6 | 46841 
7 46882 
846923 
9 46964 
Nes 
1147045 
12 | 47030. 
13 | 47127 
| 14 | 472168 
45 47209 
16 47249 
17 | 47290 
19 | 47339 
| 19 |. 47370 
| zo [9447411 | 
| 21 | 47452 
| 22 | 47492 
22 | 47533 
24 | 47573. 
25 | 47013 
| 26 | 47954. 
27 | 47694 
28 1233 
1 
„ N 
3147854 
2 | $7594 
33 | 47934 
| 34 47974 
235 | 48014 
| 36 48054 
3748094 
38 48133 
2 
40 9.48213 
448252 
4248292 
l #| 43 | 48332 
44 | 4857 
45 | 48411 
46 |. 45450 
1 4743489 
4848529 
| 49 48 568 
50 /. 48bC 
| 51 | 48647 
| 5248686 
53 | 43725 
2458764 
5648842 
57 48881 
| 3" | 45920 
| 945959 
60 8908 
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Co- ſine. Co- tang. 
5.98060 348534 10. 51466 
98056 48579 | $1421 
98052 48624 51376 
98048 48669 51331 
28044 | 43714 | 51286 
9804 45759 [[ $1241 
98036 | 48804 $1196 
98032 | 43849 $1151 
g8029 | 48894 51106 
93:25 489939 [51061 
). 98021 bY $984 10. 51016 
$8017 49029 50971 
98013 | 49973 5009 
do 49118 50882 
g8c05 49163 50837 
98001 [49207 50793 
97997 49252 50748 
97993 | 49296 50703 
97989 {| 49341 50659. 
97986 40285 50614 
5.97982 5.4430 flo. 50570 
97978 49474 50526 
97974 | 49519 50481 
97970 | 49563 50437 
97966 49607 50393 
97962 37651 50348 
97958 49696 50304 
97954 49740 50260 
97950 | 49784 50216 
97945 49828 50172 
9.97942 9 4987 fi. 50128 
97938 49916 50084 
97934 | 4-999 50040 
97930 [Soc 49996 
97926 50048 49952 
97922 58092 . 49908 
97918 50136 49864 
97914. 50180 : 45820 * 
97910 50223 49779 
"97906 |. 56207 4733 
2.979 2 |, $0311 70549689 
97898 50355 49645. 
97894 50393 49602 
973890 50442 49558 
97886 50481 49515 
97882 52529 99471 
97878 90572 49428 
97374 5.016 493% 
97870 506359 49341 
27866 58703 399297 
997 501 50740 8.49254 
97357 50289 4211 
97853 | 50333 4167 
97549 50576 49124 
97545 $0919 49081 
97841 50902 49038 
97837 es 48995 
G7833 91048 48051. 
97829 51052 48508 
9732 5 3 45865 
67821 81178 i 45822 | 


Secant. Co- ſecant. 
— — as] 
to. 1940 {10.5340b 

01944 53395 

o9g8 | 53324 

91952 53283 
019 56. 5 2% 
O19 53200 
01954 53159 
01968 53118 
a © bo $3077 
01975 53036 030 . 

| 

Oe VEUTY JV 8 
819083 52954 
2957 52914 
91991 52873 
01995 52832 
01999 52791 
e 7 
o 20 7 52710 
O20 10 52670 
02014 52629 

to. 2018 [10.52 588 
02022 52548 
02026 52508 
02030 $2467 
92034 52427 
02038 52387 
©2042 52346 
020409 52306 
©2050 52266 
02054 £2226 

10. 02858 flo. 52180 
02062 52146 
02066 52106 
02070 52066 
02074 52026 
02078 51986 
02082 51946 
o 28 51906 
o 51867 

ogg. |: erp 

10. 2098 10. 51787 
0212 51747 
02109 51705 
O2110 51668. 
o 2114 51629 
C2118 £1559 
2122 51550 
02126 $1510 
02130 $1471 
021724 51432 

10.902139 1.51352 
in $1353 
2147 51314 
C2151 5127 5 | 
C2155 53236 
82159 51197 
2163 5138 
02167 $1119 
O2171 $1086 
O2175 51041 | 
Mb el ov $ICO2 
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TRE V. Of Ax TI TC IAI Sines, Tangents, and Sccants. 18 Dex, 


M. Sine. | Co-fine. Tangent. | Co-tang. | Secant, Co- ſecant. | 
— — — : — i — 38 
© 9.48998 [3.97521 9.51178 10. 48822 flo. 02179 10. 51002 | bo 
T | 49037 97817 51221 | 48776 02183 50963 | 59 
2 | 49076 | 97812 51264 48736 02188 50924 | 58 
3 | 49115 97308 | 513806 48694 02192 50885 | 57 
4 | 49153 97804 | $1349 4365 02156 59847 56 
Ss | * 49192 97800 | 51392 4860 02209 50808 55 
6 49231 | 97796 | 51435 43465 02204 50769 | 54 
7 49269 97792 $1478 48522 C2205 50731 3 
$ | 49308 | 97783 51520 48480 02212 50692 52 
n 97754 _ $1563 48437 02216 52653 51 
10 9.49385 . 97179 9.51600 10. 48394 (o. C2221 10. 5615 50. 
11 49424 | 97775 51648 48352 92225 52576 | 49 
12 49462 99771 51691 48309 02229 | 5 538 | 48 
13 | 49500 97707 $1734 43266 02233 50500 47 
14 49539 | 97753 57776 48224 | 02237 50401 | 46 
15 49577 |. 97759 51819 48181 O2241 50423 45 
16 | 49615 ⁶ 97754 51861 48139 02246 50385 44 
12 4965497750 | $1903 28097 02250 50346 | 43 
18 | 49692 | 97740 | 51946 48054 02254 50398 | 42 
10 49730 | 97742 1088 48012 02258 41 
20 9.49768 9.97738 9.52031 0.47969 40. 02262 10. 50232 40 
21 | 49809 | 97733 | 52073 | 47927 | 2266 50194 | 39 
22 49844 97729 | $2115 4.7885 02271 50156 38 
23 49882 ä 97725 52157 47843 02275 | 635118 | 37 
24 49920 97721 52200 47800 602279 50080 36 
25 | 49958 | 97717 52242 47753 | 02283 5 042 35 
26 49996 9771352284 $7716 02287 59004 | 34 | 
27 30034 | 97705 | 52326 476734 | 02292 49969 | 33/ 
28 | 5072 | 97704 | 52368 4763232296 49928 32. 
29 50110 97700 $2410 47590 02300 40890 31 
30 9. 50146 9.970% 9.52452 0. 47548 flo. 02304 10. 4985230 
31 5018 5 97691 52494 | 47506 | 02309. 49815. 29 
32 922397087 52536 47464 C2313 49777 | 23 
33 | 30261 | 97083 | 52578 | 47422 02317 49739 | 27 
34 | $0298 97679 52620 47380 2321 49702 | 26 
35 P 3 336 | 97674 | 3266r 47339 02326 49664 25 | 
36 50373 97672 $2703 47297 02330 | 49625 | 24 i; 
37 | 5oqy: | 97666 |. 52745 47255 02 334 49539 | 23 
33 { 50448 97662 82787 47213 02338 49551 | 22 |} 
39 |_ 504386 27557 | 52829 47171 22343 29514 | 21 þ 
40 9.0523 [9+ 1-97053 9.52870 110.47130 10.0247 0.447) 20 
41 808561 9764) 52912 47088 02351 - 49439 | 19 
42 | $9598 [ 97645 52953 | - 47047 02355 49492 1 
43-| 50635 97649 | 52995 47005 0236) 49365 34 
44 52673 | 97636. | 53937 45963 02394 49327 16 
45 {. 59719 970 ;2 53073 46922 02368 49290 (15 
46 | 50747 {| 97627 53120 45890 092372 49253 14 
247 50784 ] 97623 53161 46839 02377 49216 | 13 
45 | 5e821 | 97619 | 53202 | 46797 02381 43179 |} 12 
. 90858 97615 _ 3244 49756 0238 5 4142 11 
50 9.50590 9. 970¹0 9.53285 10.460715 10.023959 10.791804 10 | 
$1 | 59933 | 97606 | 53327 46673 602394, 4906, | 9j 
52 50970 9760 2 | 53308 46632 02398 4903038 
5251006 [97597 53429 46591 ' 02403 48993 | 7 
54 | 51043 | 9759353450 46550 ©2407 48957 | 6 
$5 4 51080 97589 53492 46508 02411 48920 5 
56 |. 51117 9784 $3533 36467 02416 438383 | 4 
$7 | $1154 97585 53574 46425 92420 488463 
'58 | $1121 | 97576 } $3615 463%5 602424 | 488090 2 
59 | $1227 975271 | 53656 46344 02429 : 45773 | ? 
_ bo 51264 | 07507; | 339097 | 463-3 |} - 02433 i- 4736 | 2 


Co- ſine. | 


Sine. [ Co-teng. 
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T at F V., e ARTIFICIAL . Sines, Tangents, and Secants. 19 L Degs. 


7 M. Sine. Co- fine. Frangat. Co-tang. Secant. Co. ſecant. | 
— — — 3 1— — — — 
o 3.51264 9 97567 9.83697 10. 46303 10. 02433 fro. 48736 60 
61 5730 | 97503 53738 } 465262 62437 48699 } 59 
2 51337 . 97358 53779 46221 02442 48562 58 
3 51374 97554 53820 46:89 | 02446 | 43626 | 57 , 
4 | $1414 0 53861 | 46139'| 02450. 48589 | 5b 
55144797545 | 53992 46098 ©2455 4855355 
6 51484 | 97541 53943 46057 92459 48516 | 54 
7 | 51320 | 97536 | 52984 46016 02464 48480 53 
8 | $1557 97532 | $4025 45975 02468 48443 | 52 
9 $1593 _| 97528 _ 54 45933 47 442 | 51 
ro [3.51029 [3-97523 9.547080 0. 45894 [1002477 0.48371 | 50 
11 51666 97519 54147 | 45353 | 02491 45334 | 49 
12 | 51702 | 97514 | $4187 "ar, 0248 5 4829848 
13.4 51738 | 97510 $4228 | 45772 C2490 48262 | 47 
14 | 51774 | 97596 54269 45731 02494 43226 46 
15 1 51811 97501 84309 43691 02499 48189 45 
i6 | 51847 | 97497 | 54350 45650 | 02503 48153 .| 44 
1751883 | 97492 | 54390 45610 02508 48117 } 43 
18 52919 97488 54431 45569 02512 48081 | 42 
19 | 51955 | 97484 | 54471 | 45529 | 2516 a8045 | 41. 
| 20 {9.51991 5.97479 9.54512 0. [0.45488 1002521 - 4 1.40 
21 52027 {| 97475 34552 45448 02525 47973 | 39 
22 52063 | 97470 | 54593 45407 02530 47937 38 
23 52099 | 97466 | 54633 | . 45367 | 02534 47901. |.37 
24 $2135 | 97461 54673 45326 02539 47855 | 36 
25 52171 | 97457 54714 45285 | 02543 47329 '| 35 
26 | $2257 | 97452 | $4754 45246 02547 | 47793. | 3+ 
27.] 52242 | 97448 | 54794 | 45206 |: , 02552 | - 47758 | 33 | 
» | 28 52278 | 97444 54335 45165 02.556 47722 | 32 
1 | 29 | 52314 | 97439 _ $4875, |__45725 22501 47686 3 oh 
11 30 0. 52350 . 97435 9.54915 10.45 8 5 | [0.02565 9.47050 30 | b 14 
31 52385 | 57439 54955 45045 02570 47615 | 29 | | 
) | 32 562421 {| 97426 54995 45005 02574 47579 28 mi 
M! 33 | $2456 | 97421 55035 44965 ̃ ( 02579 45544 27 | 
5 34 52492 97417 | $5975 44025 02583 | 4758 | 26 | I! 
WW 35 | 52527 | 97412 | 55175 | 443885 | 02588 | 47473 | 25 | | 
tj 3b | 52563 | 97408 | $3155 44845 | * ©2592 47437 | "+: 60 
3 37 52538 | 97493 55195 44805 | 02597 47402 | 23 Wi'k 
z | 33 | 52634 |. 97399 | $5235 44765 02601 47366 | 22 IF *© pl 
1 39; 526690 97294 552785 44725 02605 422 — 1 "Wl 
0:1 40 [9.52705 [9.97390 9.55315 |1G+44085 10. 02010 0.47295 20 N 
9 41 $2740 | 97385 $5355 44645 ©2615 47269 19 i "Wl 
d { 42 | $2775 - | 97381 55395 44605 2619 [47225 ⁸ 48 1% 
7 4352810 97376 | 55434 44566 02524 | © 47189 | 17-4 14 
6 44 52846 97372 $5474. 44526 02628 47154 | 16 160 
„ 4552881 97307 | 55514 44486 | 02643 47119 | Ig | $10 
4 46 | 52916 897362 55554 44146, ⁶ 02637 * $7034 | 14 dl 
13 47 52951 | 97358 55793 44407 02642 47049 13 195 
58 52988 97353 $5923 44367 02647 47014 | 12 || 1 
55 . 53027 97340 3 9 02651 46979 rx: 4 11104 
co 50 1). 53050 «97344 Je 55712 10. 10.4428 10. 02656 2 10 . 
9 51 53091 | 97340 | 55752 44248 02660 45,08 | 2 1 
8 5253126 [ 97335 $3791 442-9 02665 468723 1 36 
7 53 53161 9723 65831 44169 02669 46839 2 I 
6 54 53196 97326 55870 44130 82674 46504 6 Wt 
5 55 53231 | 973422 35900 [ 44090 61678 46769 | 5 Bll 
13 50 | 53266 {| 97317 55949 44051 02683 497 24 4 [ . 
3 575330 | 97312355989 44011 02583 «5699 33 100 
5 35 53330 97308 55028 45072 02692 46564 5 00 
2 3 $3370 | 97303 560b7 | 423933 | 02697 46635 I WOW! 
- nl eee 97299 86e: ©} 43595 [2701 4265 | 0. | ll! 
MI. i [ 8 Co-line. | Sine. 3 Tangent. f "Coſecant.} Secant. "6 'M. | 
— — — — ——— = = - — = 


70 Degrecs. 
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TABLE V. Of arTIFICIAL Sines, Tangents, and Secants. 20 Degs, 


— a 5 
FP ˙ A EE EE EN — „ 
: 2 yy p — 4 : 4 
. - »* 4 1 
„ 
pe 4 
* 


[ 4 b 
4 £1 
”% 

2 . p 
$3 
7 | 
+ $5 


—— - - 


| Sine. | Co-ſine. Tangent. Co-tang. | Secant. Co-ſecant. 
EIS 2 ORG —— e 
9.53405 9.97299 0. 560 9. 43893 10. 02701 10. 46595 
53440 | 97294 ¼⁶ (56146 ] 43254 02706 45560 
53475 97289 | 56185 43915 | , ©2711 46525. 
53599 | g7285 | 56224 43770 | 02715 454% 
' $3544 | 97280 | - 56264 43736 02720 46456 
53578 | 97275 | 59393 |: 43697 | 02724 464-22 
53613 | g7271 | 56342 | 436553 C2729 45387 
3647 | 97266 | 56381 43619 2734 46353 
53682 97202 | $6425 43580 C2738 46318 
53716 | 97257 | 56459 43541 0274 46234 
9.53751 [9-97252 [9- 56498 [19.43592 10. 2748 0. 40249 
$3785 | 97248 56537 43463 02752 | -45z15 
53819 | 97243 | 56576 43424 | ©2757 | 4181 
5385497238 | 55615 43385 ©2792 46145 
53838 972.34 56654 43346 | 02765 | 46112 
£7022 97229 55693 43397 | 02771 46078 
$3957 | 97224 | $6732 43268 | 02776 | 46043. 
539921 97220 | 56771 43229 2780 460g 
54025 97215 55810 43190 02785 45975 
£4059 97210 | 58849 43151 02789 4594! 
54093 j9+97206 J- ). 66887 10. 43113 jI0,027y4 f. 45909 
5412797201 [55926 4.3974 | 02799 45873 
54161 97196 56965 43025 ©2804. 45339 
$4195 97192 | ' $7004 4.2990 02808 4.5395 
54229 7187 570 42 42958 02813 45771 
54263 97182 | 57081 42919 2818 45737 
54297 97173 [ 57120 42880 [ 02822 45703 
54331 | 97173 | $7158 42842 02827 45659 
54365 | $7168 | $7197 42803 O2832 $5035 
54399 *f 97163 57235 42765 ©2837. 45601 
54432 |3-97159 9 57274 42726 f. C541 [0.45567 
54-466 97154 3 42688 02846 45534 
5450 | 97149 | 57351 42649 2851 4.5506 
54534 | 97145 | 57389 | 42bit | o2855 45406 
54567 97149 574.28 42572 02560 45433 
54601 | 97135 | 57466 -| 442534 02865 | 45399 
$4535 | , 97139 | 57504 42496 02870 45305 
54568 | g7126 | 57543 42457 02874 45332 
54702 97121 57581 42419 02879 45298 
54736 97116 57019 42381 02884 45265 
54.769 9711 [9.57658 [10.42342 10. 02889 . 462751 
64802 97106 57696 42304 02893 45198 
54336 97102 | 57734 42266 02898 4.5164 
£4369 97097 57722 42228 02903 45131 
54903 97092 $7510 42190 ©2903 425097 
54936 97087 57549 42151 02913 45064 
54959 97083 57887 42113 02917 45031 
55993 9707 57925 42075 02922 47997 
55936 | 97273 57963 42037 02927 44994 
55069 97008 _ 58001 41999 02932 44931 
2.55102 0. 97% 9.58039 10. den 10. 02937 10. 4498 
55139 | 97059 58077 41923 ©2947 44.364 
$5169 97054 55115 4188 5 ©2946 44331 
$5202. | 97049 55153 41547 ©2951 44758 
55235 | 97944 | 53191 41309 2956 þ 44765 
55263 97039 58229 41771 02961 44732 
55301 [97034 65267 41733 02965 44699 
55334 | 97939 | 55304 41696 ©2970 44.969 
55367 9702.5 5834.2 41658 02975 44603 
5 54.99 97920 $8390 41620 02980 44630 
55433 97015 | 58418 41582 02989 44567 
1 Co- line. 7 die. | Cotang.| Tangent. [Co-Tecant.| decant. N. 


— ——  ” coatarted 
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Task v. Of s ARTIFICIAL Sines, Tina and Secants, 21 Degs. 8 


iN V „ 
o 


8 n * 


12 
hs 


— . 
M. | Sine. | Co-ſine. Biene eee | Sec: Secant. Colic 
o 9. 55433 9.015 9. 58418 fr 41582 10. 64985 10. 44567 65 
1| 55466 97010 58455 J. 41545 02990 | 44534 | 59 
2 | 55499 97005 58493 41507 02995. | 44501 | 58 
3 33531 | g700T | $8531 41469 02999 44468. | 57 
4 55564 96996 | 53569 | 41431 03004. 44436 | 56 
5 | 55597 96991 | 53606 | 41394 03009. | 44403 | 55 
6 55630 96986 | 58644 | 41356 03014. 44379 | '54 
7 | $5563 96981 | 53081 41319 03019 44337 | 53 
8 | 55695 | 96976 | 58719 41281 | 03024 | 44305 | 52 
_9 282465971 58757 | 41243 |_ 03029 44272 (51 
10 9.5576 9 3 95966 9.58794 [10.41206 10. 3 10. 44239 50 
It | 55793 96962 | 53832 41168 03038 44207 | 49 
12 | 553826 | 96957 | 58869 41131 03043 | 44174 | 48 
13 | 55858 | 9695258907 | 41093 0304.8 44142 47 
I4 55891 96947 | 53944 | 41056 03053 44i09 | 46 
15 | 55923 96942 | 58981 | 41019 | 03058 44077 | 45 
16 | 55956 | 96937 59019 40981 | 03063 44044 | 44 
i7 | 55988 | 99932 | $9056 40344 ©3068 44012 | 43 
18 | 56021 || 96927 | 59094 4.906 | ©3573 | 43979 | 42 
I9 | $6053 95921 | 59131 40869 039:8 | 43947 | 41 
20 9.56085 1.96917 [9.59168 10. 40832 10. 03083 [1 43914 (40 
21 | 56118 96912] 59205 40795 03088 42882 39 
22 | 56150 | 96907 5924340757 03093 43850 | 38 
23 | 56182 | 96903 | 59280 | 40720 | 03097 43218 | 37 
24 | 56215 | 9689859377 40683 03102 437385 | 36 
25 | 55247 | 96393 | 59354 4064 03107 43753 | 35 
26 56279 96888 | 59391 40609 C3112 43721 34 
27 | $6311 96883 59420 40571 03117 43689 33 
28 | 56343 | 96378 594666 40534 03122 43657 32 
_29 | _59375 | _96373 [28953 4©497 |___ 03127 | 43525 | 31 
30 9. 1. 55408 9. 5.9508 9.59540 10. 40460 10. 03132 10 43592 30 
31 | 5644096363 | 59577 42423 ⁶ 03137 43569 | 29 
32 | 56472 [96858 5926 14 40380 03142 43528 | 28 
33 | 55504 | 96853 | 5965r |. 49349 ©3147 | ' 43496 27 
34-| 5£536 | 96848 | 59688 4.2312 03152 43464 26 
35 | 56568 | 9684359725 | 40275 03157 43432 | 25 
36 | 56599 | 96838 59762 40238 C3162 43400 | 24 
37 | 56631 | g6833 59799 | 40201. 03167 43369 ⁵ 23 
33 56663 96828 59835 40165 03172 1337 |.22 
39 5660 5 96823 | 50872 40128 03177 43305 21 
40 9. 56727 9.96818 9. 509 rp. 0.3182 10. 4373 | 20. 
41 | 55759 | 96813 | 59946 42054 | 03187 43241 | 19, 
42 5679 | 965808 | 59983 4-017 ©3192 43210 | 18 
43 | 55822 96803 60019 39981 C3197 43178 | 17 
44 | 55854 | 96798 6056 39344 0-32.02 43146 | 16 
45 | $5888 | : 96793 {| 60093 39907 03207 43114 [15 
46 56917 96788 60130 39870 03212 43083 14 
47 | 56949 | 96783 | 65166 39834 03217 43051 | 13 
43 | 56980 96778 60203 39797 03222 43020 | 12 
49 | 57012 | 96772 | 60240 | 39760 03228 42988 | 17 
50 9. 57044 7. mg re 9.60270 10. 39724 [10.03232 0. 42996 8 
51 57075 96762603173 39687 03238 4292 5 9 
52 | 57107 | 96757 | 60349 [ 39651 03243 42893 8 
$2.1 4983 96752 60386 39614 03248 42862 7 
54 57169 | 96747 | 00422 39578 03253 42850 | 6 
55 | 57202 45742 | 6459 3954-1 C3248 42750 | 5 
50 | $7232 96737 60495 39595 03253 42768 4 
$57 57264 96732 | 60532 | 39468 03268 42736 | 3 
58 | 57295. | . 96727 60 58 35432 03273 |- 42505 jJ+*n 
5957326 | 96722 60605 [ 39395 3278 4267 I 
bol 57357 |. 96717 | b6obal 39359 03783 | 42642 o' 
I Co- ſine.] Sine. N | EANgent. [Co- ſecant. ] Secant, | M. | 
1 — —— | = 3 | — 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 22 Degs. 


222 ²³˙1—7 7 
M.] Sine. Co- ſine. Tangent. Co-tang. | Secant. Co- ſecant. | | 
0.57388 9.96717 [3.60641 [10+39359 109,03283 10442642 bo 
I 57389 96711 60677 39323 03289 42611 | 59 
2 | 57420 | 96706 | 60714 39286 03294 42530 | 58 
3 57451 96701 | 60750 39250 03299 | 42549 | 57 
4 | 57482 | 96696 | 60786 39214 | - 03304 42518 | 56 
5 | 57514 | 96691 | 69823 | 39177 | 903309 42486 | 55 
6 | 57545 | 96686 | 60859 39141 ! 03314. | 42455 | 54 
7 | 57576 9668160895 39195 | 03319 42424 | 53 
$ | 57607 | 96676 | 60931 39069 03324 42393 | 52 
6 11 $7939 | op670 | 60gb7- | 39933 | 03330 42302 51 
10 5.5769 3.95565 |5-G1004 [1038996 [10.03335 10. 42337 56 
111 57700 96660 f 61040 38960 C3340 42300 | 49 
1257731 [96655 | 61076 38924 03345 42269 | 48 
13 | $7762 96650 | 61112 38888 03350 42238 | 47 
14 | 57793 96645 61148 | 38852 03355 42209 | 46 
ic | 57824 96640 61184 38816 603360 42176 45 
16 57854 96634 61220 38780 03366 | 42145 | 44 
i7 | 57885 | 96629 61256 38744 03371 42115 43 
18 57916 96624 61292 38708 02376 42084 ⁴ 42 
19 57947 96619 | 61328 38672 | 033387 | 42053 | 41 
o 9.57578 j3.56614 [9.t1367 10-38636 10. 03386 [10.42022 eg 
1 | 58008 96608 | 61400 38600 03392 41992 39 
22 | 58039. | 96603 | 61436 38564, } 03397 | 41967 38 
23 | 58070 | 96598 | 61472 338528 | 03492 41939 | 37 
24 | 58100 | 96593 | 61508 33492 ©3497 | 41899 | 36 
25 | 58131 {| 96588 | 61544 38456 03412 | 4869 | 35 | 
26 | 58162 96582 61579 38421 03418 4183834 
27 | $8192 96577 | 61615 38385 03423 41808 | 33 
28 58223 96572 | 61651 33349 03428 41777 32 
29 | 58253 | 96567 61687 38313 03433 41747 | 31. 
30 9.58284 [9.96562 [9.61722 0.38287 |10.03438 |10-41716 | 39 
31 | 58314 | 96556 | 61758 35242 | 03444 41636 | 29 
32 | 58345 | 96551 | 61794 33206 03449 41655 | 28. 
33 | 53375 | 95546 | $1830 39170 03454 41625 | 27 
34 | 58406 | 96541 | 61865 33135 03459 41594 | 26 
35 | 58436 | 96535 617901] 38999 03465 41564 | 25 
36 58467 | 96530 | 61936 | 38063 - 03470 |: 41533 | 24 
37 58497 96525 61972 38028 03475 41503 | 23 
38 58527 96520 62008 37992 03480 41473 22 
39 | 58557 | 96514 | 62043 37957 _|___03486 | 41443 21 
Fo 17: 58588 [3.96509 5.62079 10.3791 10.3497 [10.4141z | 20 a 
41 $8618 | 9650462114 37886 03496 41382 | 19 
4258648 96498 | 62150 37850 03502 41352 | 18 
43 58678 96493 62185 37815 ] 03507 41322 17 
44 | 58708 96488 62221 37779 03512 41291 | 16 
45 58739 | 96483 | 62256 | . 37744 03517 | 4126x | 15 
46 58769 96477 62291 37708 03523 41231 | 14 
| 47 | 58799 | 96472 | 62327 37673 03528 41201 | 13 | 
48 | 5882g | 96467 | 62362 | 37635 | 03533 41171 | 72 I - 
49 | 58859 | 96461 | 62398 37602 03539 44141 | I! | 
| 5© 9.58889 9.96456 [9.62433 [10- 37567 10. 03544 [0.41111 | 10 | 
5138919 | 96451 | 62468 | 37532 03549 | 41081 | 9 | 
52 | 58949 | 96445 | 62504 37496 03555 410518 | 
53 | 53979 | 96440 | 62539 37461 | 03560 4102s | 7. 'T 
54 | 58009 | 96435 | 62574 37426 | 03565 40991 | 6 | 
55 | 58039 | 96429 } 62609 37391 | 03571 4og6r | $ 
56.4 5806g | 96424 | 62645 | 373585] 03576 | 4cg31 | 4 
55 58098 | 96419 | 62630 | 37320 ⁶ 03581 409022 e 
58 | 58123 | 96413 | 62715 37288 03537 | 4q0872- | 2 
59 } .58158 96408 62750 | 37250 03592 40842 | 1 = 
bo | 58188 | 96403 62785 | 37215 | 03597 40812 | 0. 0 
| Co-fine. | Sine. — Tangent. [Co- ſecant. tj Secant. | M. 


67 Degrees. 


e 
9 X. * 4 


TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 23 Degs. 


Cr nn en pm * — 
Sine. [Co- ſine. Tangent. Co-tang. | Secant. Co-ſecant. 
o |9+59188 , [9.96403 9.62785 10.372215 10. 3597 10. 4081260 | 
1 59217: | 96397 | 62820 .| 37180 03603 40782 | 59 jt 
2 | 59247 * | 96392 | 62855 | 37145 03608 40753 | 53 1 
359277 96386 | 62890 37110 | 83673 40723 | 57 3 1 
4 53930796381 [ 62926 37074 03619 40693 [56 3 
1555336 | 96376 | 62961 37039 03524 | 40664 55 _ 
659356 | 96370 | 62996 | 37004 03639 40634 | 54 as: 
7 59390 96364 63031 36969 03635 40604 | 53 * 
$ | 59425 | 96365 63066 36934 03640 40575 52 11 6 
9 59455 | 96354 | 6301 | 26599 | 03646 | 40545 | 51 «3.9 
10 9.59484 996349 9.63135 flo. 10.358565 10. 03651 10. 40516 50 WY | 
11] 59514 | 96343 | 63170 36339 | , 03657 | 40436 | 49 1 
12 | 59543 96338 | 63205 36795 03662 40457 | 48 "Ny 
13 $9573, | 96333 | 03249 36760 03667 | 40427 | 47 0p 
[| 14 | 59602 | 96327 | 63275 | 36725 | 03673 | 40398 | 46 00. 
15 | 59632 |- 96322 | 63310 36690 | - 036738 | 40368 | 45 0 
16 | 59661 | 96316 } 63345 35655 | 03684 | 40339 | 44 en 
17 59690 96311 | 063379 30620 03639 40310 | 43 5 
18 | 59720 | 96305 | 63414 36586 ſ 03695 404280 | 42 1 ⸗ %% 
19 | 59749 ( 253 | 63449 | 3655! 03700 | 4025 | ar. 11 5 
2 19: 59778 95294 3.53484 10.3% f, 1. 422 40 11 
21 5980896289 | 63519 36481 03711 40192 | 39% 4, 
22 5983796284 | 63553 30447 03716 42163 | 35 160 
2359866 | 96278 | 63538 | 36412 03722 40134 37 5 
|| 24 | 59895 | 96273 | 63923 | 36377 03727 40105 | 36 (0048 
| 25 | 59924 | 96267. | 63657 35343 03733 40076 38 % 
26 | 59954 | 96262 | 63692 36308 . 03738 | 40046 | 34. 0 
27 | 59983 | 96256 | 63726 36274 03744 4cor7 | 33 | Wy! 
23 | 60012 90251 63761 36239 03749 39988 | 32 10 
29. 60041 | 96 96245 _ _ 63799 36204 03755 39959 23 e 
30 [0% 60670 [9+ 5.96240 963830 10. 36170 10. 03760 10. 39930 {| 39 1 
31 | boogy 96234 | 63865 30135 03766 | 439901 | 29 1 
| 32 | 60128 | 96229 63599 36101 | . 03771 32872 | 28 1 
33 60157 96223 63934 36065 C3777 39843 27 - 46% 
34 60186 | 96218 | 63968 36032 03782 39814 | 26 ahi 
35 | 65215 | 96212 | 64003 | 35997 03738 39785 25 100 
36 | 60244 96207 | 64037 35963 03793 | 39750 | 24 10 
37 60273 | 96201 64072 35928 03798 39727 | 23 70 
33 | 60302 | 96196 | 64106 35894 03804 3969822 1 
39 | 60437 96190 64140 35860 03810 39669 | 21 4910 
40 9.60359 9.96185 9.64175 [10.35825 10.3815 10. 39641 | 20 1 
4x | 60388 96179 64209 35791 03821 39612 19 1400 
42 | 60417 | 96174 | 64243 35757 03326 33533 | 18 J. 
43 | 60446 96168 04278 35722 | 038332 39554 | 17 WE 
a4 | 62474 |} 96162 64312 35688 | 03838 39525 (16 14 
45 | 60593 | 96157 | 64346 350654 | 03343 | 39497 | 15 FM} 
46 | 60532 96151 | 64381 35619 03349 39468 | 14 10 
4750561 | 96146 | 64415 35585 | 03355 39439 | 13 14 
148 60589 | 961409 | 64449 35551 | 03360 | 39412 | 12 1 
29 | 60618 96135 64483 38517 03866 39382 11 14 
50 9.65646 5.95129 5.64577 15.354 0.3871 10.390353 10. . 
5160675 | 96123 | 04552 35448 03877 39325 16 
52 | 60704 96118 64586 35414 03882 39296 
| 53 | 60732 | 96112 64620 35380 603888 39268 
54 | 6076x [96107 £4654 3534 03893 39239 
| 55 | 60789 [96101 | 64688. 35312 03899 39211 
56 60818 [96095 | 64722 35278 03905 39182 
57 | 60846 | 96090 64756 35244 03910 
58 6874 96084 64790 35210 03916 
59g | 60903 96079 | 64824 35176 03921 
60 60 31 | 96073 | 64858 35142 03927 
| = | Co-tfine. Sine. [ Co-tang. | Tangent. (Co-fecan!. 
. 2 5 . 
O O 2 
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Tarts V. Of ARTIFICIAL Sines, Tangents, and Secants. 24 Depe. 


* 


—_— 


M. Sine. Co- ſine. en Co-tang, | Secant. Co-ſecant, 
— ; ooo — — — — — — — 
o 9. 609 % 1 [960% |9 64888 0. 35142 10. 03937 |10- 39069 
160960 96067 64892 35108 03933 39040 
2 60988 96.62 64926 3507 03938 39012 
3 61016 96055 | 64960 35040 03944. 38984 
4 | brogs 96050 | 64994 35006 | 03950 38955 
'5 | 61073 | 96045 | 65028 34972 03955 | 38927 
6 | 61101 | 96039 65062 34938 03961 38899 
7 617129 | 96034 | 65096 ⁴ 34904 03966 38871 
8 61158 96028 65130 34870 03972 | , 38842 
9 ' 61186 g6022 | 65164 34835 |__ 93978 38814 _ 
12 y.61214 | -g6017 |9-65197 flo. 24303 10.3983 10. 38780 
11 61242 96011 65231 34769 03989 38758 
12 | 61270 | 96005 | 65265 | 34735 ©3995 33730. 
13 | 61298 | 95999 | 65299 34701 04000 38702 
14 | 61326 | 95994 | 65333 | 34667 04006 38674 
I 61354. 95938 65366 | 34634 C4012 . 38646 
15 | 61382 | 95 82 65400 | 34600 04018 38618 
17 | 61411 | 95977 | 65434 | 34566 ©4223 38589 
18 | 61438 | 95971 J 65467 ⁶ 34533 04029 38561 
29 | 61466 | 95965 65501 34499 | ©4035 28534 
20 [9.61494 |9+ 9295960 9.65535 (C. 34465 flo. 4 10.38 50 
21 | 61522 95954 | 65568 34432 04046 *|- 38478 
22 | 61550 95948 | 65602 34398 04952 384 50 
23 615738 | 95942 65636 34364 - 04058 38422 
24 | 61606 -| 95937 | 65669 | 34331. 04063 33394 
25 | 61634 | 9593! 65703 34297 04069 35366. 
26 | 61662 | 95925 | 65736 34264 04075. 38,38 
27 | 61689 95920 65770 34230 04080 38311 
28 | 61917 | 95914 ⁶ 65803 34197 040830 35283 
_29 | . 61745 95908 65837 34163 |__04092 _ 38255 
30 9.61773 9 95902 9.65870 ſio. 3471320 o. 4098 10. 38227 
31 | 61800 95896 65904 34096 0403 38200 
32 61828 9 5891 65937 34063 4109 ⁶ſ 38172 
33 | 61856 95885 65971 34029 04115 33144. 
34 | 61883 95379 66504 © 33996 o 121 „ 
35 | 61911 95373 66038 33962 04127 38089 
35 | 61939 95868 „„ - $3029 7} CST. 38061 
37 | 61966 953862 | 66104 33896 04138 33034 
33 | 61994 958 56 66138 33862 04144. 38006 
39 62021 2580 66171 33829 o4 150 37979 
40 [9.62049 [9+ z- 95344 9. 66204 10. 33790 [l0.c4156 1.37951 
41 62076 95839 66238 | 33762 04161 37924 
42 62104 9 5833 66271 33729 04167 37896 
43 | 62131 | 95327 | 66304 33696 04173 37869 
44 | 62159 95821 66337 33663 04179 37841 
45 | 62186 95815 66371 33629 04185 37814 
46 | 62214 95810 [ 66404 33596 | 64190 37786 | 14 
47 | 62241 g5804 | 66437 33563, | 04196 37759 | 13 
43 | 62268 95798 66470 33530 ©4202 37732 | 12 
6h | $2296 | 95792 | 66503 |__ 33497 -|__o4ze® | 37704 | 
50 [9-62323 0 3-95786 [9.66537 10 3346 |10,04214 10.3777 | 19 
57 | 62350 | 95780 | 66570 33430 ©4229 37659 | 9 
52 | 62377 95775 66603 | , 33397 04225 37623 | 8 
53 | 62405 | 95769 | 66536 | 33364 04231 | 37595 [7 
54 | 62432 | 95763 | 66669 33331 04237 37568 | 6 
55 | 62459 | 95757 | 66702 2.3298 04243 . 
56 | 62486 | 95751 66735 33205 04249 37514 | 4 
$7 | 62513 | 95745 | 66768 33232 | 04255 37487 | 3 
58 | 62541 | 95739 | 68801 33199 04261 37459 | 2 | 
59 | 625638 | 95733 | 66834 | 33166 | o4267 | 37432 | 
60 | 62595 95728 [ 66867 33133 04272 37405 © 
| Co-line, [ Sine. | COAT: | Tangent. | Co ſecant. T Sccant. IM. 
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Tart V. Of ARTIFICIAL Sines, Tangents, and Secants.” 25 Degs. 


I.] Sine, | Co-ſine. [Tangent.| Co-tang. | Secant. Co-ſecant. | 1 
0 [9.62595 9.95728 [9.66867 10, 33133 flo. 04272 flo. 37405 ¼ 60 | | 19 
1 62622 | 95722 669 33% | oqz78 | 37378 | 59 1 
2 | 62649 | 95716 | 66933 33067 | 04284 37351 | 58 a 
|| 3| 62676 | 95710 | 66966 | 33034 04290 37324 5 TRIES: 
4 | 62793 | 957094 -| 66999 33001 04296 37297 56 11 
5 | 62732 | eee | orgs eee eee, 1 
5 62757 | 95692 | 67065 32935. | 04303 | 37243 54 || 1 
7 62784 95686 67098 32902 04314 37216 | 53 | INE 
9 | 62811 | 95680 67131 32869 04320 37189 | 52 | kf 
g | 62838 95674 67163 32837 04326 37162 | 51 | 14 
10 9.62867 [9.95668 9.67196 10. 32804 10. 04332 10. 37135 50 1 10 | 1 
11] 62892 | 95662 67229 32771 | 04337 37108 49 LOT 
12 | . 62913 | 95557 67262 32738 04343 | 37082 | 48 | 1 
13 62945 | 95051 | 67295 34705. | 39 | '37095 Jar; 1 1 
14 62972 | 95645. | 67327 32673 | ©4355 37028 46 111 
15 62999 95639 | 67360 | 32640 04361 37001 45 1 
16 | 63026 95533.[ 67393 | 32607 04367 36974 (44 l 
17 | 63052 | 95627 | 67426 32574 | 94373 | 36948 | 43 en 
1863079 95621 |- 67453 32542 04-379 | 36921 | 42 e 
rg 621 288. 242 | 388. 42 | 36894 [qr n 
20 % 63733 9.95609 [9.67524 18,3247  [10.04391 10, 30% | 4o | i 
21 63159 | 95603 | 67556 32444 | ©4397 | 36841 | 39 l 
22 63186 95 597 67589 2 04403 | 36814 | 38 e 
23 63212 95591 | 67622 32378 04429 36787 37 | ae 
24 | 63239 | 95535 | 67654 32340 04415 3676 | 36 11, 
25 | 63266 95579 67687 32313 | 04421 36734 | 35 | % 
26 63292 | 95573 | 07719 32281 | 04427 | 36708 34 e 
27 | 63319 | 95567 67752 32248 04433 3668133 ANIM 
28 | 63345 | 9556x | 67785 | 32215 | 04439 36555 | 32 Wl 
29 | 63372 95555 | 67817 32183 [0604448 | 36628 | 31 WNW (6 
30 9. 63398 9.95549 9.678 0 flo. 32150 10. 04481 10. 36662 30 ain 
21| 63425 | 95543 67832 32118 ©4457 | - 36575 | 29 | (RTE 
| 3: | 63451 | 95537 | 67915 32085 04463 36549 | 28 l 
33 63478 95531 | 67947 32053 | 04469 36522 | 27 Wk 3 
34 | 63594 | 95525 | 67980 | 32020 [ 04475'| 36496 26 Wan 
35 | 63531 | 95519 68012 31938 c4481 35469 25 4 
35 | 63557 95513 | 63044 31956 | 04487 36443 | 24 een 
3763583 | 955297 68077 31923 04493 | 36417 | 23 We 
33 | 63610 [95550 | 68109 31891 | c4500 36390 | 22 4 %% 
39 | 63636 95404 __ 68142 318 58 04506 36394 217 i. 
"4 9 63662 9.95488 . 65174 10. 31826 flo. 04512 10. 36338 | 20 : 10 
41 63689 | 95482 | 63206 31794 045138 | 36311 | 19 / | 1164 
42 | 63715 | 95476 | 65239 31761 | . 04524 36285 | 18 I 
43] 63744 | 95479 | 08271 | 317239: 5 04590. | ye Lu WV 
44 | 63767 | 95404 | 69393 31697 04536 36233 | 16 [1 AN! 
+5 | 63793 | 95458. | 63335 | 31664 [6454 | 936206 | xs |f 164 
26 63320 35452653368 31632 04 54.8 36180 | 14 | 1 
47 | 63846 95446 | 63499 | 31600 04554 36154 13 WB 
43 63872 95440 63432 31568 | 04560 36128 12 a i 
49 j|_ 63898 | 95434 | 68465 | 31535 | 04566 36102 | 11 5 
50 9.63924 9.93427 |9-8%4)7 (10. 31503 10.4573 10. 360% | 10 | 115 
59 63959 | 95421 | 65529 31471 | 04579 '| 36059 | 9g 11 
52] 63976 95415 | 63561 | 431439 | 604385 36024 | 8 Wh | 
53 | 64002 | 95409 | 68593 [340% L. 04591 35998 | 7 
54 | 64028 9540368626 31374: 450% — 02. 
55 | 64054 95397 | 63658 4 431342 04603 35946 | 5 
5h | 64080 95391 68690 31210 04609 35920 | 4 
. 64106 . 95384 63722 | 31278 04616 : | 35894 1 | 
$3 | 64132 95378 63754 | 31246 04622 35268 [ 2 
59 64158 | 95372 | 68736 | 31214 04628 358 if 
{bot 64184 [95366 | 68818 31182 | 04634 35316 | © i 
1 | Co-ſine. | - Sine, | Co-tang, j Tangent.|Co-ſecant. | Secant. | M. 7 


64 Degrees, 
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al V. Of ARTIFICIAL . Sines, Tangents; and Secants. 26 Die, 


— 
M.] Sine. Co- ſine. Tangent. Co- tang. | 8 [Eo-fecant. 
© 9.64184 19.95366 9. 68818 10. 31182 10. 4634 1.35815 bo 
1 64210] 95360 688 50 31150 04640 357909 | 59 
2 | 64236 -] 95354 | 63882 | 31118 | 04646 35764 | 58 
'3 | 04262 | 95348 | 68914 | 31086 | 64652335738 57 
4 | 64288 | 9534x { 68946 31954 04659 | 35712 | 56 
Ln vo3ns | 105335 |  6ooy# | grozz | goes | 350%) 155 Þ 
j 6 | 64339 | 95329 69010 30990 | . 04671 35661 | 54 
7 | 64361 | 95323 6904230958 | 04677 |. 35635 | 53 
$ | 64395 | 95317 | 69074 30926 | 04683 35609 | 52 
17 64417 95370 69106. 30894 04690 355383 5 5 
10 [9.64442 9 95304 9.69138 10. 30862 10. o4696 1.35558 50 
321 64468 95298 | 69170 30839 | o4702 | 35532 | 49 
14 | ©4494 | 195292 | 69202 30798 | 04708 | 35506 | 48 
13 | 64519 | 95286 | 69234 30766 | cq4714 | 35481 | 47 
| 14 | 64545 95279 | 69266 | 30734: ⁶ 04721 35455 | 46 
16 | 64571 | 95273 | 65298 } 30702. | 04727: | 35429 | 45 
16 } 64596 | 95267 69349 30671 |' 04733 [ 35404 | 44 
17 6462295261 | 69361 | 30639 | 04739 |. 35378 | 43 
| 18 | 64647 } 95254 | 63393 3060 |. 04746 | 35353. | 42 
if 19 | 64673 | 952438 | G6gqzs | 30575 04752 |___35327 ( 
20 |9. 640958 9.95242 . 69457 j19.30543 10.04753 [1935302 40 
21 | 64724 95236 | 69438 30512 | 04764 35276 | 39 
22 | 647439 | 95229 | 695320 | 3o480 { 04771 3525139 
23 | 64775 | 95223 | 69552 30448 04777 35225 | 37 
24 64800 | 95217 69584 30416 | - 04783 35200 -| 36 
25 | 64826 | 952711 | 69675 30335 | 04789 | 35174 |.35 
26 64851 95204 | 69647 E 39393 | 04796 35149 | 34 || 
27 | 64877 95198 69679 30321 [ 04802 | 35123 | 33 
28 | 64902 95192 | 69710 |. 39299 904808 35098 3 | 
| 29 | 64927 | 95185 | 69742 | 30258 94875 35073 -| 31. 
30 3+ 64953 9.95179 9.69774 ng to. 4821 10. 35047 | 30 
31 64978 | 95173 | 69805 | 30195 04327 350922 | 29 || 
| 32 | 65003. | 95167 | 69837 } 30163 04533 34997 25 
33 | 65029 95160 | 698368 30132 0484.0 34971 | 27 
34 | . 650654 | 95154 | 69900 30100 04846 34946 | 26 
| 38 | 05079 | 95145 | 69932 30068 | . 04852 | 34921 | 25 
36 — 95141 | 69963 39037 04859 34396 | 24 
| 37 65130 95135 69995  gooog 04865 34870 | 23 
38 | 65155, | 95129 || 70026 '| 29974 04871 34845 | 22 
Ek 65180 95122 70058 29942 04878 34320 | 21. 
40 [9.55205 [9.95116 9. 70089 10. 29911 10. 04884 10. 34795 | 29 
41 | 65230 95110 70121 29879 ©4890. 34770 | 19 
42 | 65255 | 95103 70752 29848 | 04897 34745 18 
43 | 65281 | 95097 | 70184 29816 04903 34719 | 7 
44 | 65306 | 95090 | 70215 29785 ag9io | 34694 | 16 
45 | 65331 | 95084 | 70247 | 29753 04916 | 34669 | 15 
| 46 | 65356 | 95078 | 70278 | 29722 04922 34644 | 74 
47 | 65381 | '95071 |. 79399 29691 . 04929 34019 | 13 
48 | 65406 | 95065 | 70341 | 29659 04935 | 34594 12 
49 | 65437 | 95059 | 79372 | 29628 | 04941 34569 | 
| 50 [9.65456 9.95552 [9.70404 10.2959 10.4948 j10.34544 | 10 
gr 65481 | 95046 | 70435 29565 04954 | 34519 | 9 
52 | 65506 | 95039 | 70466 25534 04951 34494 | $ 
| 53 | ©5531 | 95033 | 70493 29502 04967 34469 | 7 
| 54 | 65556 9502770529 | 29471 04973 34444 | 6 
| $5 | 65580 | 95020 70560 29449 04980 34420 1 
1 05905 95014 -| ee | * 29408 0486 34395 | 4 
{ $7 | 65630 9507 | 70623 29377 04993 | 34370 4 
358 | 65655 | 950 70634 ⁶ 29346 04999 3434332 
| 5g | $5685 | 94994 | 70685 | 29315 |. ogoog 34320 | 1 
60 | 65705 94988 | 70717 - 29280 05012 34295 © | 
| Co-fine. | Sine, | Co-tang. Tangent. | Cosſecant.| Secant. | M. 
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Tante v. Of - ARTIFICIAL Sines, Tangents and Secants. 27 Der. 


62 Degrees. 


M. 858 -Coobine: Tangent. Go-tang. | Gian: — 1 _ 
0 [9.65705 [9.94983 1|9+-70717 to. 29283 10,05012 10. 34295 60 q 
1| 65729 94982 | 70748 29252 8018 | 34271 | 59. Tr 
2 | 65754 | 94975 | 709779 | 29221 | ogozs } 34246 | 58 \ | 
3 65779 | 94969 70510 29190 | 05031 34221 [57 16 
4 | 65804 | 94962 | 70841 29159 05033 |. 34196 | 56 . 
5 65828 | 94956 | 70873 29127 | 05044 34172 | 55 of 
6 | 65853 | 94949 | 79994 | 25996 } ogogt | 34147 '| 54 If 1 40 
765878 94943 70936 29055 o 34122 53 MCT? 
8 | 659922 | 94936 | 70966 29034 05064 34098 | 52 |f 1060 
91 65927 22% 2222 05070 34073_| 51. 54 
To 565 65952 ). 94923 ). 71028 0. 28972 ff0. 05077 io. 34048 50 If fla: 
:1 | 65976 | 94917 | 71059 28941 05083 34024 | 49 TALE, 
12 | 66001 94910 [71090 28910 5089 33999 | 48 1 
13 | 66025 | 94904 71121 | 23879 05096 33975 47 Wy, 
14 66050 . | 94398 | 71153 | 28847 | 05102 33950 | 46 jF 1. 
1 | 66075 e |: SeT36. | oonoy 33925 | 45 „ 
16 66099 | 94884 71215 | 28785 | ©3115 | 33901 | 44 10 
17 | 66124 | 94878 71246 | . 28754 05122 33876 | 43 Wi: i: 
18 66148 | 94871 71277 | 28723 05129 | 33832 | 42 100100 
19 |_66173 | 94865 |} 71308 28692 25135 33327 | 41 17 
20 9.66197 9.948583 9.71339 0. 2865 10.685142 o. 3803 | 40 | (OTE 
21 | 66221 94852 ¹„ 71370; 286360 05148 33779 | 39 1%, 
22 | 66246 | 94845 | 71401 25599 |}. ©5155 | 33754 | 38 % 
23 | 66270. | 94339 71431 28568 —516 33730 | 37 40% 
24 | 66295 | 943832 | 71462 | 28538 05168 33705 | 36 GT 
25 | 66319 94826 | 71493 28507 05174 33681 | 35 10% 
26 | 66343 94819 | 71524 7 28476 05181 3365734 14 (% 
27 | 66368 94813 |- 71555 | 28445 05187 33532 | 33 WA To) 
28 | 66392 | 94806 | 71586 28414 05194 33658 32 W 
2 66416 | 94799 71617} | 28383 05201 33584 | 31 mes 
30 9.66441. 9.94703 71648 [r0,23452 flo. 5207 [10.33559 | 36 lh WR Rl 
31 | 66465 94786 | 71679 28321 05214 33535 | 29 1 
32 66489 94780 | 71709 ] 28291 05220 33511 | 28 We 
33 6651394772 [71740 | 28260 05227 334%7 | 27 | AW 
34 | 66537 | 94767 | 71771 28229 ©5233 334%3 | 26 0 fl 
35 | 66562 94760 8 71802 |-» 28198 | 05240 33433 | 25 1610 
36 | 66586: ⁶. 94753 | 71333 28167 05247 | 33414 | 24 Wl 
37 | 66610 94747 71863 28137 05253 33399 23 =” 
33 | 66634 } 94749 | 71894 | 28106 05260 33366 | 22 . 
39 | 66658 94734 | 71925 28075 05266 ̃œGr.k 33342 | 21 Wl 
40 |}. 66682 [3.94727 ). 71955 flo. 28045 10. 05273 fie. 23318 20 14% 
41 | 66706 94720 71986 28014 05280 33293 19 N 
42 | 66731 94714 72017 27983 05286 33269 18 N 
43 66755 | 94707 | 72045 27952 05293 33245 17 , 
44 | 66779 | 94700 | 72078 27922 05300 33221 | 16 . 
45 | 66803 94694 72109 27891 05306 33137 | r5 166 700 
46 | 66827 | 94687 | 72140 27860 05313 33173 | 14 1 0 
47 | 66351 94680 | 72170 | 27830 05320. | 33149 | 13. "Hl 
43 66875 94674 72201 27799 05326 33125 | 13 1 
49 66890 94657 72221 | 27769 05333 33101 [11 1 
50 9. 66922 9.94660 [9.72262 0. 27738 10. 05340 flo. 33078 0. {I 
511 66946 | 94654 | 72293 27707 05346 33954 | 9 If. 19 
52 65970 | 94647 72323 27678 95333 - 33039 þ 8 166 
53 66994 | 94640 | 72354 27646 05460 33206 ̃ [87 1% 
4 | 67018 | 94634 72384 27616 05366 32982 6 Wt! 
55 | 65042 94627 12415 27555 ©5375 32958 5 mr 
56 | 67066 | 94620 72445 27555 05380 32934 4 
57 | 67090 94614 72476 27524 ©5336 32010 | 3 
53 | 67113 | 94607 | 725-6 27493 ©5393 323887 | 2 
59 | 67137 94600 | : 72537 | 27463 054.0 3: 863 I 
bo | 67161 94593 | 72567 274.53 05407 22839 © 
| | Coline. | Sine. | Co-tang.| Tangent. |Co-ſecant.| Secant. IM. 
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_ - Tarrr V. Of ARTIFICIAL Sines, Tangents, and Secants. 28 Degs, 
r — On — — 
27% | -ſecant. | 
j 4 4 M.] Sine. Co- ine. Tangent. ere Secant. Co 85 
{rl —.— „ gay us "Ry 7 
gn 24 2708 27402 05413 3 32 
1 1 67185 | 94587 7 8 ae e 05420 32792 | 58 
14 FN 97906 945%0 | ys 5. 41 05427 32768 - 37 
198 3 67232 94573 3 e 05433 32744 56 
1 467256 94567 72689 3 | ones 32720 5 
N 4 67280 94560 28. > h 95717 32697 54 
Ten * | £7303 | 94553 | 72780 = | o5454 32073 | 53 
'T 71 67327 | 94546 3 25 | 71780 > 05460 32650 | 52 
1 8 | oe 4 norte 05467 | - 32525 | 51 
1 E 7374 945 | — 0 
14 — — — — — 10. 8 [10.0 10. 32602 50 
1 19 1p-67398 4818 [9-72872 ants; 1 2 32579 49 
9 iT | 6742 | 94519 729 27068 5487 | 32555 | 48 
. 12 67445 94513 3 10 7 | 05494 32532 47 
2.1 13 67468 94506 72903 aid; s 5er | 32508 | 46 
5 14 | 67492 | 94499 » 45993 -1. 55 0 05508 32435 | a5 
. 15 67515 Tg” | ITS 3 550 6 3 32461 44 
1 1667539 94485 e $4 3 5521 32438 43 
N J | oi] mation 
[ T1229 119447» 4 24 | 26856 | 05335 3222 |4r 
— —ü— e to. 2682 5 10.5542 0.32367 40 
"i 20 9.67633 19-94458 [9-73175 26795 5549 32344 39 
< 21 | 67656 94451 73205 1 5555 32320 38 
wi ee 14 a, =. ' 05762 32297 | 37 
* 231 6770 438 73265 26735 556 
* 3 N 77 3 94 3 A 2670 ©556 8 32274 36 
i 24 | 67726 | 9443r | 73 95 1704 05576 | 32250 35 
4 25 | 67750 | 94424 246 2 7405 5583 32227 | 34 
bi 26 67773 94417 6 | gs 05595 32204. 33 
" 27 | $7796 | 94410 | 733 : 25 5 05596 32180 32 
. 1 | 67820 ) | £44.98. . 1 octoz 32157 | 3! 
i . 5 10.205 10.0567 10.321347 35 
1 30 o. 67866 [9.94340 9.7347 10. 6 24 & 617 | 32110 | 29 
- "8 31 e 94353 on 4 Ie, | 32087 | 28. 
* 32 | . 07913 9437 35 | | 3206 2 
ib 33 | 67936 94369 73507 20433 | 82671 e 81 
5 3467959 94392 | 4 et 05645 32018 | 25, 
bl. 7 97992 i 94355 |} 73627 6 05651 | 31994 24 
i 6 | 68006 94349 73657 25343 3 
25 6387 | 26313 05058 31971 | #3 
7 68029 | 94342 | 73687 | 26313 | $ | 22 
| L 628 o5665 3194 
13 3 | 68052 9433 73717 SOLD „ 21 
c 3 5 : 55 ©5672 31925 
2 39 | 6807 |. 9432 . — — 
144 . ee eee 10. 26223 10. 05679 10. 31902 20 
6; er 5688 | 31379 | 19 
"74 41 68721 | 94314 | 73807 _ e 31856 .| 18 
1 42 | 68144 94307 72837 : 8 , ©5700 21333 | 17 
4 43 68167 94300 ̃ ⁶ 73807 4816 ; 93757 31310 | 16 
ll 4+ — 905 3 3 . 05714 31787 15 
1 45] 88213942 | 297091 if 
1 46 | 68237 | 94279 | 73957 5 , 1 os | 
$ 2601 ©5727 3174 
1 &7 | 68260 9427373987 ef, 03734 34718 | 12 
Fif 438 | 68282 94265 | 74017 eh 585 31695 11 
Mt 49 | 68305 | 94259 | 74047 | 25953 _ * 
in + og — 7; 10. o 31 
Jt 50 9.68328 [9.94252 0.74077 9 b 5 21649 9 
jb 51 | 6B35r | 94245 | 74797 KS 05762 31626. | 5| 
171 52 68374 94238 24785 2787 05769 56 
[ay $3 357 3 7 6 2280 05776. 315%0 
» 54 68420 94224 7419 „ 582 31557 5 | 
4 55 | 68443 94217 3 e. 7 31534 | 4 
{4 56 3 1 13286 25714 05797 315113 
7% i 37 I 9 94 6 19 25684 © 5304. , 31488 2 
4 $8 | 68511 9419 743 | 058171 31466 1 
1 68534 | 94189 | 74345 9.35 1443 U 2 
1 * 1 68557 94182 74375 2562 5 ©5818 31443 I. 
77 . —— ; 7 5 7 3 , 
: [ . | Co-fine. | Sine. | Co-tang. | Tangent.|Co-tecant, I Secant © ans 
if | 3 
11 
#1 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants, 29 Degs- _—_—_— 
2 — ——— — — 
M Sine... Co. ſine. a: angent. | Co-tang. | Secant. Co-ſecant. | | JF 
0 9. 68557 9.94182 [9.74375 [10:25625 10.058718 [10. 31443 60 = 
1 | 638580 | g4175 74405 25595 05825 | 31420 59 —_ 
268603, [ 94168 | 74435 25565 O5832 31397 58 Fo 
3 | 68625 ⁴⁶ 94167 74465. 25535 ©5839 31375 57 = 
4 | 68648 || 94154 |. 74495 | 25506 05846 31352 | 56 = 
5 | 68671 | 94147 74524 25476 05853 31329 | 55 15 
6658694 | 94149 |. 74554 | 25446 05960 31706 | 54 ma 
7 | 68716 | 94133 | -74583 .| 25417 | 05307 312384 | 53 = 
8 | 68739 [ 94126 | 74613 |- 25387 05574 3261 [52 1 
9 68762 04119 | 74643 ⁶ 25357 058817 31233 | 51. 14% 
10 . 68784 9.94112 974673 10025327 110.05888 10.3126 50 ; Wi kt 
11 | 68807 7 74702 25298 5895 31193 4 _— 
12 | 68829 | 94098 | 74732 | 25268 | og5goz 31170 | 4 „ 
13688 52 94090 | 74762 25238 05910 '3ang8 | 7 =_ 
14 | 68875 94083 [ 74791 [25209 | 905977 31125 | 46 Wi 
15 63897 1" 94076 74821 25179 | 05924 31103 | 45 1 
i6 68920 { 94069 74851 25149 85931 3380 44 r 
17 ] 68942 94062 | 74880 26120 959338 31058 | 43 Jew 
18 58968 | 94055 | 74910 | - 25090 23594331035 | 42 e 
19 68987 94048 | 74939 250bx | 05952 | 31013 (42 l 
20 9.69010 9.94041 9.7409 0. 25031 10. 05959 fi. 30990 40 1 11 15 
21 69032 94034 74998 250 2 605956 30958 39 l 
2269055 94027 75028 24972 05973 | 30945 38 . 
23 69077 | 94020 | 75058 | 24942 o598%9 | 39923 | 37 _ | 
24 | 6gi00 | 94012 | 75087 24913 o5988 | 30999 36 1 
25 69122940 | 75117 24383 05995 [ 39378 | 35 | Will 
26 |. 69144 939908 | 75146 24854 ©6002 32856 | 34 e 
* 69167 93991 | 754176 24824 ob00g 39333 | 33 ww 
28 | 69189 93984 75205 24795: 656016 30811 | 32 Wl ll! 
2969212 [ 93977 | 75235. |__ 24765 | obozg | 30766 | gn. _— 
| 39 9.69234 9.93970 [9-75264 [10-24736 j10-0603a 10. 30766 | 30 mu 
31 | 69256 | 93963 | 75294 24706 06037 39744 | 29 0 
3269279 93955 | 75323 24677 0604 5 30721 | 28 l 
33 69301 | 93943 | 75353 24647 obogz | 3<639 | 27 1 
34 69323 93941 [75382 24618 060 59 30677 26 150 
35659345 | 93934 [75411 24588 06066 30655 | 25 - 
36 69368 | 93927 | 75441 24559 06073 30632 | 24 WORM: 1 
37 | 69390 93919 75470 24530 obo80 30610 | 23 . 
39 | 69412 93912 75500 24502 o6088 30588 | 22 Le 
39 |__ 094.34 __ 93905 | 75529 24471 | obogg 20566 21 9 1 
| 46 69456 9.93898 9.75558 10. 24441 ff. 06102 f. 30544 | 20 114 
4169479 93891 | 75588 24412 C6109 30521 | 1 . 
42 69501 | 923884 75617 24383 06116 30499 | 1 y 14040 
| 43 9523 93876 75647 24353 06124 30477 } 17 1 
| 4 | 69545 | 93869 | 75676 24324 66131 30455 | 16 11% 
5 15 | 69567 | 93862 ⁴ 75705 24295 | ob138 30433 | 15 e 
ss | 93855 | 75735 | 24265 | obigg 04% | 4 16 
3 [47 | 69611 | 93847 | 75704 24236 06153 | 30389 | 13 & || 
[2 48 69633 93840 75793 24207 06160 30367 '| 12 „ 
LY [35 59655 | 23833 | 75822 } 24178 c6167 | 30345 | 11 Wit 
19 80 9.69677 5 938 9.75885 10.24 748 10. 06174 0. 30323 10 0 
9 514 69699 93819 75881 24119 06181 30301 9 U 
8 52 69721 93811 75910 24090 06189 30279 8 1104 
7 53 64743 { 93804 75939 24060 66196 302 56 7 104 
b 69765 | 93792 | 75969 24031 06203 30235 | 6 1 
5 55] 69757 93789 75998 240902 606210 30213 | 5 Midi: 
4 | 5569809 93782 76027 23973 c6215 } 4qzoton | 4 De 
3 | 97569831 93775 76056 |] 23944 06225 230169 Ws. 10 
2 8 69853 93768 76086 2319234 gs) 30147 1 2 lh 
5 39] 69875 93760 } 76115 22885 06240 30127 | 1 & 14. WR 
0 9! 69397 92752. | | 76144. . [22866 66 2 30102 l „ 1000/1 
M. I Cou-tine. j Sine. | Co-tang. Langent. Co-ſecant. ] Secant. | M. WAP | 
3 8 Vo, | NOR | 
— — EH art —— AI a, * 
— . 
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TABLE V. Of Ax If ICIAI. Sines, Tangents, and Secants. 30 Degs. 


0 » 


M.] Sine. | Co-ſine. Tangent. Co-tang. | Secant. Co- ſecant. 
9 9.69897 9.93753 75144 10.238 56 0. 06247 10. 30103 
T | 69919 | 93746 76173 23827 06254 30081 
26994192738 75202 23798 06261 30059 
3 69963 | 93731: | 76231 23769 06269 30037 
4 69984 93724 76261 23739 06276 30016 
3 | . 700eb | 93717 | 762590 23710, 06283 29994 
6 70028 93709 76319 23687 06291 29972 
7 | 70050 $3702 70348 © | 23652 06298 29950 
8 | 70072 | 935695 | 76377 23623 06305 29928 
9 |__70993 | 93687 | 76406 21594 06313 29907 
To [9.70115 3 93680 9.76435 1823565 10,320 10. 2988 5 
11 70137 | 93673 | 76464 23536 | 06327 29864 
12 | 70159, | 93665 | 76493 | 23507 06335 29841 
13 | 70180 93958 70522 2 3478 06342 29820 
1470202 93650 | 76551 23449 06350 29798 
Is | 70224 | 93643 76580 23420 06357 | 29776 
16 | 70245 | 93636 | 76609 | 23391 | 06364 29755 
17 | 70267 93628 | 76639 23361 606372 29733 
18 | 70288 93621 | 76668 23333 06379 29712 
_I9 2031 93614 26697 23303 05386 29690 
20 9.70332 9.9350 [9.76725 10. 23274 16.0694 8.29668 
21 | 70353 93599 767 54 23246 06401 29647 
22 70375 93591 | 76783 23217 06409 2962 5 
23 | 70396 93584 76812 23188 06416 29604 
24 | 70418 93577 76841 23159 06423 29582 
25 | 70439 | 93569 76870 23130 06431 29561 
26 70461 [9356276899 23101 ©6438 29539 
27 70482 93554 76928 23072 06446 29518 
28 | 70594 | 93547 | 76957 230433 [66453 29495 
29 | 70525 | 93539 | 76986 23014. o6461 29475 
39 9.70547 [9-$3532 9. 7705 10. 22985 {10.06468 [10.29453 
312 | 70568 93325 '| 77044 22956 00475 20432 
32 | 70599 93517 - 1 - 77073. 22927 06483 29410 
33 | 7obir 93510 77101 22899 06490 29389 
34 | 70633 93502 | 77139 22870 | o6ag3 | - 29367 
35 70544 | 93495 | 77159 22841 06 505 29346 
36 | 70675 93487 77188 22812 06513 29325 
37 70697 93450 77217 22783 ©6520 20303 
33 70718 93472 77249 | 232734 06 528 29282 
39 707304 T3498. 3 22726 06535 20261 
40 J. 709 9. 93457 9.77303 10. 22697 [10.06:43 19.292.39 
41 70782 93450 77332 22668 06550 | 29218 
42 | 70803 | 93442 77361 22639 05558 29197 
43 | 70824 93435 77390 22010 06565 29175 
44 70846 93427 77418 22582 06573 29154 
45 70857 93420 77447 22553 06580 29133 
46 70888 93412 77476 22524 06588 29112 
47 | 79999 93405 77505 22445 06595 29091 
43 70931 93397 77533 22407 obbog 29069 
09 | 7075% { 93390 | 77562 22438. obe10 29048 
50 9.70973 9.93382 9.7759 [10. 22409 10. 06618 0. 29027 
51 70994 93375 77619 22381 06625 29096 
52 71018 | 93367 77648 22352 06633 28985 
53 71036 93360 77677 22323 606640 28964 
54 | 71058 | 93352 77795 22294 06648 28942 
55 71079 93344 77734 22266 6656 28921 
56 71100 93337 77763 22237 06663 28900 
. 93329 77791 22208 06671 28879 
58 717142 93322 77820 | 22180 06678 28x58 
59 | 71163 | 93314 77849 22151 | o6686 28837 
bo | 71124. 93207 77877 22123 | 06693 28816 ) 
{A 1 Co-tine. | Sine. | Co tang.f Tangent. [Co- ſecant. Secant. N. 
Wren, of. 
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TABLE V. Of AR TIF TCIAL Sines, Tangents, and Secants. 31 Degs. 7 


5 


Pp 2 


58 Degrees. 


1— 8 — a 
M.] Sine, | Co- ſine. Tangent. Co-tang. | Secant. Co- ſecant. | 
0 9. 71184 9.93307 [9.77877 10. 22123 0 06693 fto. 17. 60 
171205 | 93299 | 77906 22094 06701 8795 | 59 
271226 | 93291 | 77935 22065 06709 28774 58 
3] 71247 | 93284 77963 22037 06716 28753 | 57 
4 71268 | 93276 77992 22008 06724 28732 56 
5| 71289 | 93269 | 73021 | 21980 | c6731 28711 | 55 
6 | 71410 50 78049 21951 06739 28690 -| 54 
7| 71337 1 93233 | 79077 21923 06747 28669 | 53 
8] 71452 93246 78106 21894 06754 28648 | 52 
Ef T0374 923238 78135 ⁴ ⁶ã 21865 06762 28627 | 5r 
10 [1.71393 95 93230 9.78163 10. 10.217837 10. 06770 10. 28607 50 
111 71414 93223 78192 21808 06777 28586 | 49 
12] 71435 | 93215 | 7822c 21786 | ob785 28565 | 48 
13] 71456 | 93207 | 78249 21751 o6792 | 28544 | 47 
14 | 71477 93200 78277 21723 06800 « 28523 | 46 
15 | 71498 [ 93192 78306 21694 05808 285802 45 
6] 71519 | 93184 78334 21666 ob816 | 28481 | 44 
17 |- 71539 | 93177 | 78363 21637 00823 23461 | 43 
18 71560 93169 78391 21609 06831 28440 42 
10 71881 9316 78419 21580 06839 23419 f 41 
20 9. 71602 7.93154 78448 to. 21552 10. 06846 10. 2839840 
21 |. 71622 93146 78476 " 21524 06854 28378 39 
22 | 71643 93138 78505 21495 06362 |. 28357 | 38 
23 | 71664 93131 78533 21467 06869 28336 | 37 
24 | 71685 93123 78562 21438 06877 28315 | 36 
| 25] 71705 | 93115 | 78590 21410 06385 238295 | 35 
26] 71726 93107 | 78618 21382 06893 28274 ² 3< | 
27 | 71747 | 93100 |: 78647 21353 06900 28253 | 33 
Sh 71767 [93092 78675 21325 06908 | 28233 | 32 
29] 71788 93084 ⁵ 78704 21296 05916 28212 31 
„ 9.93077 78732 (0.21268 10.06923 Io.25191 30 
311 71829 93059 78760 21240 66931 2817129 
2 | 71850 | 93061 [ 78789 21211 | C6939 28r50 | 28 
33 | 71870 91053 | 78817 21133 06947 28130 | 27 
34 71891 93046 78845 5 15 606954 28109 | 26 
35 71911 93038 78874 21126 c6962 28089 | 25 
36 | 71932 93030 | 78902 21098 o6970 28068 | 24 
37-| 71952 93022 789 30 21070 606978 28048 | 23 
38 71973 93014 78959 21041 o6985 28027 | 22 
39 | 71492 93007 78937 21013 969293 $8007 21 
42 [9.729014 [9-92999 {9-79015 10 20985 I0.07001 10. 10.27986 20 
41] 72034 þ 92991 | 79943 20957 o70c9 27965 | 19 
2 | 72055 92983 79072 2092 07017 27945 | 18 
43 | 72075 92975. | 79120 20900 07024 27925 17 
44 72046 92968 79128 25872 07032 | 27904 | 16 
145 | 72116 92960 79156 20844 07040 27884 | 15 
[46] 72137 | 92952 | 79155 20815 072948 2786314 
7 72157 | 92944 | 79213 20787 | ©7056 27843 | 13 
[48 | 72177 | 92936 | 79241 20759 07004 27823 | 12 
[49 |. 72198 * | .92929 | 79269 20731 07071 27802 | 11 
| $2 19. 72218 9.92921 19.79297 10. 20703 10.097079 10 27782 77 
$1] 72238 92913 79326 20674 07087 „2770 7: 
2 | 72259 92905 | 79354 | 20646 ©7095 | . 27741 ; 
f 72879 92397 79382 20618 07103 27721 7 
472299 92389 79410 20590 67111 27701 86 
55 72320 92881 | 79438 20562 07119 | 27680 5 
(59 | 72340 | 92874 79466 f 20534 07126 [27660 | 4 
[-57 | 72360 92860 79495 {| 29505 07.134 27640 3 
872381 | 9285879523 20477 07142 27619 | 2 
[59] 72401 928 50 79551 20449 07150 27599 I 
[D: 92842 | 79579 22421 | 07158 27579 | © 
| 1 Co- fine. | Sine. | Co-tang. | Tangent. 0. ſecant. | Secant. M. 
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Tas V. Of ARTIFICIAL Sines, Tangent and Secants. 32 Degs. 


5 1 * as — "5 A 6 4 a4, 
N 


8 
* *. pl 
** 


7 


In. M.] Sine. Co- line. Tangent. e bang. | Secant. Co- ſecant. | 
OT 72440 9.92542 5.79579. 10. 20521 10.7158 10. 27579 | bo | 
inf} Lago 9283479607 20393 | 07166 27557 39 
2 | 7246t | 92826 | 79635 20365 o7174 | 27539 | 55 
3 72452 92878 | 79663 20337 07182 , |. 27518 | 57 
4 | 72592 | 92510 79691 20309 07190 27498 56 
8 72522 [92803 79799 | 20281 07197 27475 | 55 
6] 72542 | 92795 | 79747 | - 20253 07205 274598 54 
74 72592 |} 92737 79776 20224 07213 27438 53 
8 72582 | 92779 79804 20196 07221 27418 2 
9 72602 | 92771 79832 20168 07229 27398 61 
T0 3.72622 [3.92763 3 70860 [19-20140 40 «G7 437 10. 27378 |} 50 
Tr |. 72043 | 92755 | 79888 | 29112 07245 | 27357 | 49 
1272663 |} 92747 | 74916 2084 | c7253 | 27337 | 48 
23 | 72683 | 92739 ⁶(79944 | 20056 | o726r | 27317 | 47 
14 13 72703 92731 79% | 20028 | o72bg | 27297 46 
15 72723 92723 | $5c00 . | 20000 07277 27277 | 45 
1672743 92715 80028 | 19972 o7285 ̃ .; 27257 44 
17 | 72763 | 92707 80056 FIRE 07293 27237 43 
18 } 72783 92699 80084 19916 | 07 JOI 27217 42 
19 72803 + 92691 80112 888 a 07309 27197 WR 
20 9.72823 9-42033 9.80140 10.719850 10.07317 10. 27177 40 
211 72843 92675 $5168 19832 | 07325 27157 | 39 
22 | 72863 92667 90195 19805 07333 | 27137 | 38 
23 | 72883 | 92659 | $0223 219778 07344; | 27839: 37 
24 | 72902 92651 | $0251 '| 19749 | ' 07349 27098 | 36 
25 | 72922 | 92643 80279 | 19721 07357 27078 35 
26 | 72942 | 92635 | 80307 | 19693 57365 | 27058 | 34 
27 72962 92627 89335 19605 07373 | 27038 33 
28 | 72982 | 52619 | $0363 19637 07381 27048 | 32 
29 | 73002 | 92611 J $0391 19609 | 07389 26998 2 
30 0. 73022 [9.92603 [9.89419 10.1981 10. 07397 10. 26978 | 30 
31 | 7304! 92595 80447 19553 | 07405 26959 | 25 
32 | 75061 92587 | 80474 19526 07413 | 26939 | 28 
33 | 73981 | 92579 | $0502 19498 07421 26919 | 27 
34 { 73101 92571 $0530 19470 ©7429 26899 26 
35 | 73121 | 92563 |} 80558 19442 07437 26879 25 
| 36 | 73149 | 92556 } $0385 19414 | 07445 208 'Þ 24 
'37 | 73160 92546 80614 19386 07454 26840 | 23 
338 | 73180 92538 80642 | 15359 07462 26820 | 22 | 
39 73200 92530 80669 19331 ©7470 26800 | 21 Fi 
e 9.92522 9. 80697 10. 19303 10. 07478 10. 26781 20 ; 2 
141723239 92514 | 80725 3 - 19278 - | - o7499 26761 19 0 
427359 | 92506 | 80753 192479 | 07494 26741 | 18 
43] 73278 | 92495 | 8So78: | 19219 | 07502 26722 17 þ 
44 | 73299 92490 80808 19102 07510 26702 16 q 
45:3; 73318 92482 80835 19164 07518 26682 15 | 4 
| 46 | 73337 92473 80864 19136 | o7527 | 25663 1 4 
N 272357 92465 80892 19108 607535 26643 13 4 
73577 52457 80919 19081 07543 | 20623 | 12 4 
4.9 73795 „2449 80947 19053 07551 __ 26604 j 1 | 4 
50 [9.73416 [1.92441 |9-80975 1.19525 10.75% [10.26584 | 10 | $ 
51 | 73435 | 92433 | $1003 13997 | o7567 | 26565. 2 | 5 
5273455 | 92425 | $1030 | 18970. | 07575 265435 8 5: 
} 53.| 73474 | 92416-| 81058 þ 18992 97584 26526 | 7 5: 
54 | 73494 | 924098 [ 81086 18914 ©7592 26506 | 6 54 
58 73513 92400 51113 18887 07600 26487 |} 5 55 
56 73533 92392 81141 178859 c 7s 286467 4 56 
57 73552 902384 | $1169 18831 07616 26448 2 57 
273572 92376 81196 18804 07624 26425 | 2 58 
89 73391 92367 81224 18776 07633 | 26409 I 59 
| bo | 73011 ? a2359 81252 18748 07% | 26322 Day 
| | Co-tine. | Sine. ] Co-tang.| Tangent. E ſecant.] Secant. | NM. 


” TY 


57 Degrees, 


ä * * —Y * ln 
* N : 9 "MIT; 


TaneV. Of ARTIFICIAL — and ES 33 Degs. 9 
M.] Sine. Co-ſine. i .Co-tang. | "Livin |Co-ſecant. | i 
O 9.7361 9.92359 9.81252 10. 18748 to. 07641 26389 60 RY. 
1 73630 92351 81279 18721 67649 26370 52 Wy 
2 7 | 92343 | . 81307 18693 07657 26356. | 53 |} if. 
3| 73669 -| 92334 | 81335 | 18665 07666 26331 57 || . 
4 | 73689 | 92326 [ 81363 18638 | 07674 2637 | 56 T3 
„ 4708 | 92318 81390 218610 07682 26292 55 1 F 
6 | 73727 92310 f 81417 | 18582 07690 | 26273 | 54 1 
7 | 73747 92302 81445 | 18555 67698 | 26253 |.53 | bb: 
873766 92293 $1493 -1- . 13527. | 09909 26234 | 52 | 1417 
9 | 74798 | 92285 81500 18590 07715 26415 14% % ON 
10 973805 9.92277 . 81528 flo. 18472 10. 07723 1026198 | 50 l 
11 | 7382492269 | 81556 | 18414 07731 26176 | 49 [| ATR 
1273843 92260 | 81583 | 18417 07740 26157 ¼ 48 1 
13 7786 9 2 . 183%9 -] c77468 26137 | 47 N 
14 | 73882 [ 92244 81638 18362 07756 26118 46 [ ME FORO 
15 | 73901 | 92235 | 81666 18334 o7765 | 2699 | 45 If kl RA 
16 73921 ]. 92227 81693 18307 07773 | 26059 44 11 | 
17 | 73940 [ 92219 | 81721 18279 o77381: | 26060 | 43 || WD | 
18 73959 92211 81748 18252 07789 | 26041 42 l 
19 72978 92202 81776 | ' 18224. ©7798 | * 26622 (41 A 
20 . 73997 9.92194 ). 81803 10. 18197 10. 0780 10. 26002 40 Is. DI | 
21 | 74017 92186 81831 f 18169 07314 25983 | 39 if 1 6% 
22 | 74036 [ 92177 $1858 | 18142 07823 ([ 25964 38 61518 
23 | 74055 92169 813886 |' 18114 | 07831- 25945 | 37 14 
24 | 74074 92161 81913 |* 18087 07839 25926 36 | TR Rh 
25 | 74093 | 92152 | 81941 18059 07848 25997 . 35 Me dl 
26 - 74112 92144. | 31968 18032 07856 ̃ 8235887 34 ee 
27 | 74132 92136 | 31996 | | 180604 [67864 25868 | 33 "WLAN 
| 28 74151 | 92127 82023 17977 | 07873 25349 32 | Ie. 
29] 74170 92119 8201 | 17949 | 97387 25830 | 31 if v0 
39 j3-741%9 9.92111 0, 82078 10. 17922 fo. 07889 102581130 1 
31 74208 [92102 | 82106 17894 078398 25792 | 29 |f e 
32] 74227 | 92094 | 82133 17867 67986 ⁴¼ 25773 | 28 N 
2374240 92086 | 82161 17539 -07914 2574 | 27. FEAR 
34 | 74205 92077 | 82138 17812 07923 25735 | 26 f 60. 
35 74284 [ 92069 82215 17784 | - ©7931 25716 | 25 | =; 
30 | 74393 | 92060 | 82243 17757 | 07940 25697 24 e. 
"32 4 74.34% 92052 82270 17730 0 948 25678 | 23 1 
| 38 | 74341 92044 | 82298 * 17702 67956 25659 24 i 
#1 39 | 74360 92035 | $2325 | 17675 07965 25640 | 27 It. Wil Hf 
40 574379 {5.92027 9.82352 10. 17648 1.07973 10. 25021 20 1 
al] 74398 92018 | 82380 176209. ©7982. 2:602 | 19 ff ONE, 
2 | 74417. 92010 82407 17693--: 07990 | 2558; 18 640 
4374436 | 92002. | 82434 17565 798 |- 25564 [17 100 
44 | 74455 91993 82462 17538 08007 25545 16 WA 
45 | 746474 | 91985 82489 17517 08015 25520 | 15 IF A 
49 en 91976 82517 17483 08024 2550210 4 1 
4 7 91968 82544 | 17456 | 08532 | 25488 | 13 \f 1 
1 48 7453 | 91959 | 32571 [17429 08041 25409 2 at 
, 14 
ö ö 90 19+ 77455 9.91942 [9.82625 0.17374 10. 8058 f. 2543210 "MY 
5t | 74587 91934 | 326053 17247 8366 25413 Wl 
3 ql .52 | 74606 91925 | 8268r | 17319 | - e8075 | 25394 | 8 | 
7 $3 | 74025: | 91917 [ $2708 ' 17292 608083 253775 7 | 
b 54 | 74644, | 91908 | $2735 | 17265 | oBogz 25356 | 6 
5 55 74662 91900 327 | 17238 | o$100 |. 25338 5 | 
4 56 | 7468x 91891 | $27;0 17210 08109 25319 4 } 
3 57 74700 91883'. | $2817 17183 03117 25108. +4 
2 58 74719 ⁶ 97874 32844 17155 86% „„ 
I 59 74737 91866 f 82871 |- 17129 ©8174 a 
o bo 756 | 91857 323899 17101 | O8143 25244 0 
II. | | Tone: Sine. { Cotang e Co- ſecant.] Secant. NM. 
— ——P— — | „ : | 


56. Degree: 8. 
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TAELE V. Of Ax TIrICIAI Sines, Tangents, and Secants. 34 Degs. 


. —————— 2 —— 
8 M.] Sine. | Co-line. Tangent. Co-tang, | Secant. |Co-ſecant. | 
1 © 9.74756 91857 9. 82899 1017101 Haga s 10.25244 - | bo 
Back 1 74775 91849 82926 17074 08151 25225 59 
. 2 | 74794 91840 | 82953 17047 08160 25206 | 58 
+1: 3 | 74812 | 91832 | 832980 17020 08168 25188 | 57 
1 4 | 74831 | 91823 $3008 16992 08177 |, 25169 | 56 
1 574850 91815 | 83035 16965 08188 | 25150 | 55 
1 674868 91806 | 83062 16938 c8194 | 25132 | 54 
138 7 74887 | 91798 [83089 16911 o8 202 25113 33 
1 8 74906 [91789 83116 16883 o8211 25094 52 
„ 9 | 74924 91780 83144 16856 08219 25076 | 51 
390 10 [%). 74937 9.91772 [9.33171 10. 16829 [0.08228 10. 255057 | 50 
1 11 | 74961 91763 83198 16802 08237 25039 | 49 
— 12 | 74980 91755 8322 5 16775 608245 25020 | 48 
„ 13 74999 91746 83252 16748 08254 25001 . | 47 
75. 14 | 75017 [97738 83279 | 156720 08262 24983 46 
| 77108 i} 15 | 75030 | gi729 | 83397 | 16693 o8277 | 24964 | 45 
1 16 75054 91720 83334 16666 08280 ' 24946 | 44 
Ent 17 | 75073 91712 | 83361 16649 | 08288 24927 43 
1 181 75091 91703 83388 16612 08297 24909 | 42 
1 19 | 75110 91694 83415 16585 08305 | _ 24890 41 
— 20 9.75128 [3.91086 [3.83442 10. 16558 10. 08314 10. 24872 40 
1 21 75147 | 91677 83470 265 30 08323 248 53 39 
3 2275165 [ 91668 8319 1650 6833 24835 | 38 
1 23 | 75184 | 9:660 83524 16476 ©8340 24316 | 37 
"Wy 24 | 75202. [91651 83551 16449 ©3349 24798 | 36 
1 28 75221 91643 83578 16422 08357 24779 35 
1 26 | 75239 | 91634 | 83605 16395 08366 24761 | 34 
_ 27 75258 91625 83632 16368 08375 24742 33 
12304 28 | 75276 91617 83659 16341 608383 24724 | 32 | 
Ul 27] 75204 1608 83686 16314 08392 24706 To 
1 30 9.75313 6.91599 9.83713 10. 16287 10. 08401 10. 24087 30 
BY 31 | 75331 91501 ][ 8:740 | 16260, ñ o8gog | 24669 | 29 
4 32 | 75349 9758283767 16232 03418 24650 |.28 | 
77" 33} 75398 91573 [83795 | 16205 08427 24632 | 2 
3k 34 | 75386 | g1565 | 83822 16178 08435 24514 | 25 
al 35 | -75405 | 91556 | 83849 | 16:51 03444 24595 | 25 
8 30 | 75423 | 91547 | $3876 | 16124 8453 24377 174. 
8 37 | 75441 91538 | 33903 | 160979 | c346z2 | 24559 | 23 
[5 38 | 75459 | 91539 | $3930 16070 68470 | 24541 | 22 
| 39 | 28478 9282 $3957. 16043 08279 2.4522 21 - 
4 | J-75496 9.9152 0.83984 0. 16016 1.88488 10. 24504 20 10 
41] 75514 91503 84011 15989 08476 24486 | 19 I 
42 | 75533 | 97495 84038 15962 o8505 | 24467 | 18 | 4 
43 | 75551 | 91459. | 84065 15935 C5514. 24449 | 17 4 
44 | 75569 | $1477 $4092 15908 ©5523 24431 | 16 4 
45 | 75587 |. 91408 84119 15881 c$531, 24413. | 15 4 
46 | 75605 97460 | 84146 358 54 868540 [ 24395 | 14 4 
47 | 75624 91451 $4173 | 15827 8 24370 | 13 4 
48 75642 | 91442 | 842c0 1580 | .c5558 24358 12 4 
| 49 | 75660 | 91433 | 84227 15773 | 88567 | 24340 11 4c 
50 [9.75678 [3.91425 9+34254 fd. 13740 0. 08575 to. 24322 10 50 
51 75696 | 91416 84280 15720 68584 24304 | 9 51 
875714 | 91407 | 84307 | * 15993 (8593 n 52 
53 | 75732 | 91398 | $4334 | 15606 08602 24:67 | 7 57 
54 75751 91389 | 8436r, 15439 ©8611 24249 . 6 | 54 
55 75769 91381 18562 8619 24231 $1 55 
561 7578 91372 84415 15585 08 528 24213 + | 56 
$7 | 75595 | 91363 [ 84442 | 15558 ©8937 24195 | 3, 57 
53 | 75323 | 91354 | 84499 | 15531 ©8646 2477 2 58 
59 75841 91345 | 84496 15594 88655 24159 | 1 59 
| 50 . 75859 [91336 84523 15477 | 08661 | 24141 | © 60 
Co- ine. Sine. Cos tang.] Tangent. Co- ſecant. l Secant. 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 35 Deg*. 


— —— —.— — — 
M.] Sine. | Co-ſine. Tangent. | Co-tang. | Secant. |Co-ſecant. 
5 975355 991336 9 84523 10,15477 r0.08664 [10.24141 | 60 
I 91328 [8450 15459 08672 24123 59 
2 | 75895 | g1319 | 84576 1542463687 24105 | 58 þ 
3 | 75913 | 91310 | 84603 | 15397 o8690 24987 | 57 
4 | 75931 | 91301 | 34630 15370 | 8699 24069 | 56 
5 | 75949. | gi2g2 | 84657 15343 | 58708 24051 | 55 
6 75967 [91283 84684 15315 08717 24933 | 54 | 
7 | 75985 91294 | 34711 15289 08726 24015 | 53 
$ | 76003 Io 84738 15262 o8734 | 23997 | 52 
o | 76021 | 91257 _ 84764 15236 08743 23979 | 51, 
"Io 19-76 76039 9. 291248 9.84791 10. 15209 (0. 8752 10. 23961 | 50 
76057 : 91239 $4818 15182 | 08761 23943 | 49 
76075 [ 91239 | 84845 | 15155 08770 23925 | 48 
76093 91221 84872 | 15128 08779 23907 | 47 
76111 [91212 84299 15101 08788 23889 | 46 
55129 | 91203 | 84925 15975 | 08797 23371 | 45 
76146 91194 | $4952 15048 608806 233854 | 44 
76164 91185 84979 15021 08875 23330 [43 
76182 91176 | 85006 14994 | 08824 23818 | 42 
| 76200 91167 © $5933 14967 8832 = — 141 
20 9.76218 9.91158 [9.85059 j. 14941 75.842 10. 10.2378 2 140 
76236 91149 85086 14914 | 68851 | 23764 | 39 
76253 [917741 | 35113 14337 | 08359 23747 | 38 
76271 9113285140 | 14860 08868 23729 | 37 
76289 | 91123 | \ 85166 14334 o8877 | 23711 | 36 
76307 991114 85193 14807 033886 | 23693 | 35 
76324 | g110g $5220 14780 08895 23670 | 34 
76342 | g1095 | $5247 14753 | 08904 23558 | 33 
76360 | 91087 85273 14727 | 08913 23640 | 32 
76378 91078 $5390 _ 14700- 08922 23622 2 
5.76395 9.97559 9.85327 1.14673 10. 08931 10.2365 30 
7641391090 | 85354 14646 08940 23587 29 
76431 [91051 | 35380 14620 08949 23569 | 28 
76448 | groqz | 35407 14593 | 03958 23552 | 27 
76456 | 9034 | $5434 | |. 14566 08966 | 23534 | 26 
76484 91023 85460 14540 08977 23516 | 25 
76501 g1014 85487 14513 o8987 23499 | 24 
76519 grocs $5514 14486 0899 5 23481 | 23 
76537 | $0999 |. 35540 14460, | 09004 23463 | 22 
26554 | 90987 | 85507 14433 ogorz |__2: 446 | 21 
9.76572 [9-90978 [9 85594 10. 14400 10. C S ο e 10.23428 20 
| 76590 90969 i620 14380 09031 | 23410 | 19 
76669 90960 | 55647 14353 09040 23393 { 18 
| 76625 90951 85674 | 14326 0949 | 23375 | 17 
76642 90942 85700 14300 09058 23358 16 
76660 | 99933 85727 14273 og9b7 | 23340 15 
76677 | 90924 | $5754 14246 | ©9076 23323 | 14 
76695 | gog1g 85780 14220 0908 5 23305 | 13 
76712 90905 85807 14133 og09g5s 23288 [12 
49 76730 90896 85834 14166 09104 23270 (11 
3.76747 9.9887 [9.853860 10. 14140 10.9113 fro. 23253 10 
76765 90878 85887 14113 09122 23235 9 
76782 90869 85913 14087 09131 232188 
76800 90860 85940 14060 C9140 23200 7 
76817 903535967 14033 9149] 23133 | 6 
76835 908432 | 35993 | 14907 09r58 23165 | $ 
76852 90832 86020 13980 99168 23148 4 
76870 90823 86046 ⁶ſ 13954 . 09177 23135o | 3 
76887 90814 86973 13927 09186 23113 2 
| 76904 govo5 $6190 [13900 09195 23096 | n 
76922 | 90795 86126 13874 09204 23078 | © 
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. ABLE V. Of ARTIFICIAL Sines; Tangents and Serants 36 Deg. = 
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53 Degrees, 


- [1 9 | Colne, ee ang. Secaint. ant | Fe 
— — — . —„V¼ 8 
9.76922 [9.90796 9. 86126 fr0. 13874 „0. o to. 23078 60 

76939 | 90787 86153 13847 09213 23061 | 59 

76957 90777 $6179 13821 |. 09223 23043 | 58 

76974 90768 86206 13794 09232 23026 | 57 

76991 90759 | 86232 13768 09241 23009 | 56 

77009 90750 | 86259 13741 ©9250 22991 | 55 

7706 | 90741 | 86285 13715 09259 22974 | 54 

77043, | 90731 86312 13688 o9269 22957 | 53 

77061 90722 86338 13662 09278 22939 52 

77078 90713 36365 13635 092.7 22922 51 

77 95 [9.99704 9.80392 778068 o. 9296 fo. 22905 | 50 

77112 90694 86418 13582 09306 22838. | 49 
77139. | 90685 | 86445 13555 | 99315 22870 | 48 

77147 | gob76 86471 13529 09324 22853 | 47 

77164 | gobb7 . | 86495 73502 09333 | 22836 | 46 

77781 90657 80524 13476 09343 22819 | 45 

77199 | 90648 86551 [13449 99352 22801 | 44 

77216 90639 | 86577 13423 09361 22734 | 43 

7723390630 8668313397 9370 | 22767 | 42 

77250 90520 | © 86630 F3372 - | ' ©9330 _22750 | 41 

9.77268 9.90611 9.86655 flo. 13344 09389 10. 22732 40 

4 77285 90692 86633 [13317 09398 | 22715 | 39 

22 77102 90592 86709 | 13291 09408 22698 | 3g 

2377319 90583 86736 13264 09417 22681 37 
2477336 | 92574 | B6762, | 13258 09426 | - 22664 | 36 | 

25 77353 | 92595 | $6739. [13211 09435 22647 35 

26 77370 90555 j 86875 13185 ©9445 22630 | 34 

1.27 | 77387 90546 86842 13158 . 09454 22613 | 33 

28 | 77405 90537 86868 13132 09493 22595 | 32 

20 „ 99527 89894 13106 03473 22578 37 

| -39 9.77439 9.90518 5.5592 0. 13079 10. 09482 f. 22501 30 

317745 90509 $0947 3053 - P9091 22544 | 29 
32 77473 | 92499 ! 565374. | 13226 0951 | 226527 | 25 | 

3377420 99439 | B87 00 13000 09510 22310 2) 
334 77507 90480 87027 12973 09520 23403 1. $0 

35 | 77524 | 90471 [87053 12047 09529 22476 | 25 

36 77541 90462 87079 12921 09538 22459 | 24 

37 | 77558 | 99453 87106 12804 | 09549 22442 | 23 

38 77575 | 90443 | 87132 12368 ©9557 | 22425 | 22 
29 T7592 90434 87158 12842 99566 22408 | 21. 

40 7.77659 9.90424 5.87185 10. 12815 (10. 09576 10822391 20 

| 41 77626 90415 87211 12789 09525 "23478 19 

42177643 90405 87238 12762 09 59 5 22357 18 

437760 9039 87264 12736 0y6og 22340 | 17 
44 | 77677 90330 87290 12719 09613 22324 | 16 | 

45 77694 9377 87317 12683 09623 22306 [15 

46 77711 |. g0303 | 87343 12657 09632 22289 | 14 
47 77727 90358 87369 12531 09642 22272 13 
48 77744 | 99349) 7396 12604. 68965122256 | 12 þ 
49 | 77768 99399 | $7422 12578 -| 09661 | 22239 f 

58 [9077778 9.99339 [9.87448 0. 12552 [10,09670 |[i10,22222 | 30 

51 | 77795 | 99329 | $7475 12525 09680 22205 | 9 

52 | 77812 | gogirt { 57501 12499 909689 221888 

53 | 77829 90301 87527 12473 909699 1 
54 | 77840 90292 87564 12446. | 09708 22154 | © 

| -55 | 77862 90282 87580 12420 09718 22138 5 

56 77879 90273 87606 12394 09727 22121 4 

5277896 | 5026387633 12367 09737 22104 | 3 
538 | 77913 | 92254 | 87659 12341 09746 22087 | 2. 
59 | 77930 | $0244 87685 12315 | 99756 22070 | 7] 
bo | 77946 f 90235. 87711 12289 09765 22064 8 
Coſine. Sine. I Co, tang. l Tangent, Co- ſecant.] Secant, NM. 
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Tart V. Of ARTIFICIAL Sines, Tangents, and Secants. 37 Degs. 
M.] Sine, | Co-ſine. Tangent. Co-tang. | Secant. Co- ſecant. 5 
19 ; 3 —— | ͤ — . — — — — — g 
| o 9. 7% 6 9.90235 19+87711 10. 12289 10. 09765 10. 22054 | 60 
177963 90225 37738 12262 99775 22037 59 
277980 90216 87764 1236 05734 22920 | 53 
3 7 | 90206 87790 12210 03794 | | 22003 | 57 
14 78013 90 107 87817 12133 05803 21937 | 56 
j\'5 | 78039 | cor87 | 87843 12157 99813 21970 | 55 
678047 60178 8726) 12131 o 0822 21953 54 | 
7 | 78063 9-163 87875 12105 09932 21937 | 53 
872080 90159 $7522 12073 | 99847 21920 | 52 
9 70207 90149 87 4.8 205 09851 21903 51 | 
——— — —ͤꝗ — — . — a cio 9 
10 9. 7813 9.9013) 9.879074 10. 12026 [10.09561 10. 21887 50 
111 78130 70130 $8900 12000 09870 21870 [| 49 
| 12] 78447 90120 98927 11973 988 21853 48 
13 78163 901117 88963 11947 03889 21837 47 
14 | 78180 90101 £8079 11921 |. ©9399 21820 | 46 
16 | 78197 90091 88 705 11595 9909 21803 | 45 
16784113 90082 8813! 11869 09913 21 
17 | 78230 90072 88158 11842 09928 21770 | 43 
18 | 78246 90063 [88184 11816 09937 21754 42 
17 78263 00053 88210 11790 ©9347 21737 4r 1 
"20. 78280 [9590043 9.8230 f. 11764 . 0%57 0.21720 | 40 | 
21 | 73295 90034 28262 11738 ©9266 21704 39 It 
22 78313 990344 88 89 11711 099976 215087 3387 
23 78329 90014 ©8315 1185 05986 2157137 {fl 
24 78340 g9-Cog $8 34-1 11059 99995 21054 | 3 
25 |. 78362 89995 88367 11933 10905 | 21938 | 35 
26 | 78379 89985 88393 1607 1061 21621 34 
27 | 78395 87976 $5420 11580 - 10024 21655 | 33 
28 | 78412 80956 88446 115%4 10034 #1558 32 
29 78428 89056 88472 11528 10044 215072. {128 
30 7844 9.8 947 9.834/8 0. 11502 0. 10053 10. 21555 | 30 
31 | 78461 899 17 88524 11475 10063 21539 29 
32 | 78478 $9927 | 38550 11459 - 10073 21522 28 
33 | 78494 899177 88576 11424 10082 21506 | 24 
24. | 78519 [89908 88003 11397 10092 21490 26 
35 78527 8988 $8529 11371 10102 21471 28; 
36 78543 8 858 88055 11345 1112 21457 | 24 
2 78560 ̃ 88879 88681 1 10121 21440 23 
38 | 78576 8 859 $8707 11293 1013011 21424 | 22 
39 78532 88e 88733 11267 10141 21408 21 
| 40 [3 78609 9.8849 5.88759 10. 11241 [0.10151 110.1391 20 i. 
4178625 8,340 88789 11214 10100 21375 19 
42178642 89830 88812 11188 10170 227388: 5 oS- 
| 43 | 78658 85820 88338 11162 10180 21342 17 
4478674 858 10 88864 11135 10190 21326 | 16 
45178691 895801 88890 11110 10199 21309 15 
46 78707 89791 88,16 11084 10209 21293 14 
47 78723 895781 88942 11058 10219 „4117 120 
43 78739 89771 88968 11032 10229 21201 12 
E aeohg þ  x1206 } 105090 me 
| Fo [3.78772 9.8752 . 89029 0. 10989 . 19248 0.21228 10 
78788 | $9742 | 89e46 || 10954 12258 21212 | % 
5278805 $732 89073 10927 10268 2110 — 
51 78821 89722 89099 10901 10278 42117 {1 9 
4 | 58847 39712 89125 10875 10288 21163 6 
| 55 | 58859 $:,702 89151 10849 10298 21447: 1: 
5678869 85693 89177 10823 10107 21131 4 
5778886 87683 89203 10797 10317 21114 3 
58 78902 89673 89229 109734 + 11-437 21098 2 
& | 78918 85693 89255 10745 10337 21082 I 
60 78924 83653 83281 197 1914. 21066 0 
| * | Co-line, | Sine. JCo-tang. ] Tangent. Co-ſecant.| Secant. | M. 
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_ TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 38 Degs. 
TT M. Sine. | Co-fine. |Tangent. | Co-tang. | Secant. Co- ſecant. 
1 o 9.78 9.89633 9 89281 10. 10719 10. 10347 10. 21066 
7 I s . 3841 89307 | 10693 10357 21050 
. 2 | 78967 | 89633 | 89333 10667 | 10367 | 21033. 
r 3 78983 | 89624 89359 10641 10376 21017 
1 4 | 78999 89614 | 89385 [ 10615 10336 | 21cor 
{1:48 Þ 5 | 79015 89604 89411 10589 10396 2098 5 
: | 1 6 | 79931 | 89594 | $9437 10563 10406 20969 
1 779047 89 584 89463 10537 10416 3 
1 $ 7906389574 89489 10511 10426 | 295937 
S067: 9 79079 || 89564 _$9515 | 10485 _ 10436 20921 
EY To 9.79695 [9-39554 |9-89571 |10.10459 |10-10446 |10.20905 
5 of 11 ö . 89544 89567 10433 10456 | ¾U 20889 
. 12 | 79128 89534 39593 10407 10466 20872 
* 13 | 79144 $9524 89619 10381 10476 | 20856 
754 14 | 79160 89514 89645 10355 10486 20840 
1 15 79176 895904 ⁶89671 10329 10496 20844 
$6.00 16 | 79192 | 89495 [89697 10303 | T0505, 20805 
1 17 | 79208 8948 5 89723 10277 10515 20792 
1 13 | 79224 | 89475 | 89749 | 10251 TOAKS R277 
3 19 79240 39465 ⁴ 89773 10225 10535 2.2760 
1 Zo 979255 9.89455 9.89801 8.10199 0.10545 10. 20744 
1 21 79272 89445 39827 10173 1 20728 
4 22 79288 | 89435 | 89853 | 10147 1056; 20712 
1 23 79304 89425 89879 10121 10575 20696 
i 7 ; 4 24 79319 8941 5 89905 10995 10585 25681 
| 25 | 79335 | 89405 | $9931 10069 10595 | 20665 
108 26 | 79357 | 89395 | 89957 | 10043 10605 | 20649 
= 27 | 79367 | 39385 39983 10017 [10615 | 20633 
WT 28 | 793383 | $9375 | gooog | 09 9 "20625 20617 
1 29 79399 8936 5 90035 09 65 10636 20601 
1 20 9.7941 89354 9. 90 to. 9939 10. 10646 10. 20585 
1 31 ? 79431 ! 9344 90086 6994 | 105686 20569 
11 32 | 79447 | $9334 90112 [09888 10666 20553 
"36 if 33 79463 89324 90138 09862 10676 20537 
0 24 | 79478 | 89314- 9064 | 09836 10686 20522 
11 35 | 79494 89304 | gorgo oy810 10696 20506 
40 5 ! 36 79510 39294 90216 09784 10706 20490 
{Fi 37 | 79526 89234 | 9go242 09758 10716 20474 
. 38 79542 | $9274 | 90268. 99732 | 10726 | 20458 
1 39 | 79558 | 89264 | gozgg %%% | 10736 20442 
4; 4c 0 9.892 9.90320 10. % 680 10. 10746 10. 20427 
11 - Th 4 1724 90346 09654 107 56 20411 
1 42 \ 79605 | $9233 | 99371 09629 | 10767 20395 
1 43 79621 | 89223 | 90397 c9603 10777 20379 
1 44 | 79636 | 89213 | 90423 09577 10787 20364 
213 45 79052 89203 90449 09551 10797 20348 
T's 46 79608 89193 | 90475 09525 10807 20332 
1 4779684 3918390501 | 09499 T0817 20316 
4 49 | 79699 | 89173 95527 | 09473 | 10827 | 20301 
1 : 49 |_79715 | 89162 | g0553 | aggg7 |_ 10838 20285 
i : 50 [9.79731 [9.89152 90578 10. 9422 10. 10848 10. 20269 | 10 
4 51 | 79746 $9142 gobog | 09396 10858 20254 | 9 
HF '52 | 79762 $9132 90630 . 09370 10863 20238 8| 
£4 3 53 | 79778 89122 906 56 09344 180878 20222 | 7 
| 1 54 | 79793 89112 90682 09318 10888 20207 b 
44 55 | 79809 89101 [90708 09292 10899 20191 3 
Fred 56 | 79825 | 89091 90734 09266 819909 20175 4 
oY! s7 | 79840 89081 | 90759 09241 10919 20160 | 3 
58 | 79856 89071 go785 09215 10929 20144 | ͤ 
59 79872 89050 90811 09189 10940 20128 1 
60 79887 89050 90837 | 09163 109 50 40115 | 
| Co-fine. | Sine. | Co-tang. | Tangent. | Co-ſecant. | Secant. | M. 
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TABL EV. Of ARTIFICIAL Sines, Tangents, and Secants. 29 Degs. 
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1 
M. Sine. Co- ſine. Tangent. Co- tang. | Secant. Co- ſecant. 
© 9. 79887 9. 89050 9.90837 10. 09163 fo. 10950 10. 20113 
1 79903 | 89040 90863 09137 10960 20097 
27991839030 90889 09111 10970 20082 
379934 | 89020 90914 09086 10980 20066 
4 | 79950 89009 90940 09060 1099120050 
5 79965 88999 90966 09934 11001 20035 
6 | 79982 88789 90992 09008 11011 20019 
7 | 79996 88978 91018 08982 11022 20004 
$ | 80012 38968 910433 08957 11032 19988 
9 | 80027 88958 | 9g1099. 08931 11042 19973 
10 [9.80.43 9.88948 9.91095 [o. 08905 0. 11052 10. 19957 
11 80058 [ 88937 91121 08879 11063 19942 
80074 | 88927 91147 608853 11073 19926 
80089 88917 91172 8828 11083 | 19911 
80195- | 88906 91198 08802 11094 19895 
80 120 888965 91224 08776 1 104 19880 
80136 88886 91250 08750 11114 19864 
80151 88875 91276 608724 11125 19849 
80166 8886 5 91301 08699 11135 19834 
80182 | 88855 91327 08673 11145 19818 
9.80197 [9.83844 [9.91353 flo. 08647 10. 11156 10. 19803 
80213 88834 91379 08621 |- 11166 19787 
80228 88824 91404 o8 596 11176 19772 
80244 88813 91430 08570 11187 19756 
802 59 88803 91456 08544 (11197 19741 
80274 88793 91482 08518 | 11207 19726 
80290 88782 91507 08493 11218 19710 
80305 88772 91533 08467 I1228 19695 
80320 88761 91559 08441 11239 19680 
80336 88751 91585 [ 38415 11249 19664 
8035¹ 88741 [9.91010 0.08390 1011259 10. 19649 
80366 88730 [91636 08304 11270 19634 
30382 88720 91662 08338 11280 19618 
80397 88709 91688 8312 11291 19603 
80412 (88699 91713 08287 11301 | 19588 
80428 | $8688 91739 08261 11312 | - 19572 
80443 88678 91765 08235 11322 19557 
82458 88668 91791 08209 11332 19542 
80473 88657 91816 08184 11343 19527 
80489 | 88547 91842 08158 11353 19511 
80504 9. 88036 [9.91868 0.08132 10. 11364 10. 19490 
80519 88626 | 91893 08107 11374 | 19482 
80534 | 885915 91919 08081 11385 19466 
80550 | 88605 | 917945 08055 11395 19450 
8056 5 88 594 91971 08029 11406 19435 
80580 88584 91996 08004 11416 19420 
80595 | 88573 | 92022 07978 11427 19405 
$0619 88 563 92028 07952 11437 19390 
80625 88552 92073 07927 11448 19375 
80641 88542 | 92099 07901 11458 19359 
9.80656 9.88531 [9.92125 10. 07875 10. 11469 to. 19344 | 10 
80671 88521 92150 | o7850 11479 19329 9 
80686 88510 92176 27824 11490 19314 8 
80701 88499 92202 07793 11501 19299 7 
80716 88489 92227 07773 11511 19284 | 6 
80731 88478 92253 07747 11522 19269 5 
80746 $8468 92279 | * 07721 | 11532 192 54 4 
80762 | 88457 92304 | 07696 11543 19238 | 3 
80777 |-; 838447 } 92330 o7670 | _ 11553 |. 19223 | 2 
80792 88436 92356 07644 11564 19208 ⁴ x 
MY] 80807 88425 92381 07619 11575 19193 
| Co-tine. | Sine, Co- tang. ] Tangent. | Co-tecant.| Secant. NM. 
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| Tarts V. Oaaris zeig Sines, Tangents, and Secants. 40 Degs. 


IM. Rice, Co-ſine. Tangent. Co-tang. Secant. Co-ſecant. 
— — — — — — — — — — 
o 9. 88 7 9.88425 9. 92381 10. 7619 10. 115756 10. 19192 
r | 80822 88415 9247 „7593 | 11595 19178 
2 | 80337 | 83494 | 92433 ©7507 11596019163 
31 308 52 88394. ,] 92358 07542 11606 19148 
4 | 80877 88393 | 92484. 07516 11617 19133 
5 30882 88372 92510 07450 11628 19118 
6 80897 38362 92535 607465 11638 19103 
71 80912 88351 92501 07439 11649 19088 
$81] $0927 38340 92587 ©7413 11660 19073 
9 80942 $3330 92612 7288 3 190 58 
40 9.880987 9.52319 9.92638 fo. 07362 1011681 10. 19043 
11 80972 | $8393 | 92663 97337 11692 19028 
11 80987 88298 92689 O07 3 11702 19013 
| #35] $1002 882837 92715 07285 11713 18998 
114 81017 38271 92740 07260 11724 13983 
1581032 88266 92766 07234 11734 18968 
16 | $1646 88255 92792 0728 11745 18954 
1731061 $8244 |. 92817 07133 14756 18939 
18 $3076-.] $8234 "2813 C7157 11756 18924 
19] B8rog1 88223 02368 7132 11777 |. 18909 
TEES. : oh SOLES e, 
209. 81106 88212 9.92894 10. 071056 [0.11788 flo. 78894 
2 $2121 38201 92920 97080 11799 18879 
224] 116 $8191 92945 07055 11809 18864 
22 81151 | 88100 92971 ©7029 11820 18849 
=+ 2166 ⁶ 88169 92999 0704 11841 18834 
2981180 88158 93022 06978 11842 18820 
26 81105 88148 93048 66752 11852 18805 
27 81210 88137 93073 06927 11863 18790 
23 | 81225 | 33126 93099 09901 11874 18775 
29 | 81240 $8115 9312466876 1188 5 18760 
39 9. 81254 [9.88105 9.9150 10.6850, . 41895 10. 15740 
31 81299 88094 93175 06825 11906 18731 
3! | $1284 88083 93201 02749 11917 18716 
33 | 81259 88072 93227 09773 11928 18701 
34 | 81314 88061 93252 (6745 11939 18686 
311 $1328 88050 93278 05722 11949 18672 
36 | $1343 88:40 93323 06697 1150 18657 
37 $1358 | 3029 | 93329 ob671 17971 18642 
38 | 81372 $3018 93754 06646 11982 15628 
39 81787 88097 92280 66620 11992 18513 
40 . 8.402 9.87996 [9.93496 fo. 054 1% 12004 10. 18598 
41 | 81417 87955 93431 065 [ 12015 | 18583 
4281431 87975. | 93457 06543 12925 18 569 
43 81446 87964 934282 05518 12030 18554 
48 | 1451 | 879453 [95588 0-492 12047 18539 
45 21475 87942 03533 05467 12058 | ' 18525 | 15 
4b | $1499 8793 935 9 05441 120 69 18510 3 
47 1 $1505 87920 93584 054156 12080 18 505 | 
| ab | 823515 87909 95610 06390 12091 18481 | 
| ab 81524 87878 | 9763 66361 12102 18466 | 11 | 
59 [9 81549 9.87887 9.9301 19.0533) 1O.12113 lo. 18451 10 
gn | $1593 | $7877 | 93087 09.317 12123 19437. | 9 
2 81578 87866 93712 ob 288 12134 184228 
53 | $1592 878355 93773 O6 262 T2145 18408 7 
84 81607 8784 93763 66237 12156 13293 6 
55 | 81622 8-833 93789 55211 12167 18378 5 
56 81626 87822 9814 09186 | 12178 13364 | 4 
$7 | $1651 87811 93840 06160 12189 18349 3 
58 81665 $7800 92865 66135 12200 18335 | 2 
59 81080 | 87789 | 93891 05109 12211 18 220 I 
4 81694 | 87778 93916 oborg 12222. 13306 0 
10 C o-tine. | JE I Co-tang. ö 1 ange ut. Co- lecant. | Secant. | M 
49 Degrees, | 
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4 
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. 4 FIR 
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N.“ Sine. | =: Bs Secant. Co- ſecant. - bo 
0 [9.81694 9.87778 [9.93916 0. C84 10. 12222 10. 18306 | 60 | = 
'1{ 81709 87767 93942 | 06058 | 12233 18291 59 | I 
2 | | $1723 |: $2756: | $3907 06033 12244 18277 38 % 
381738 '| 7745 93993 06007 4122585 18262 ʃ˙ů57 Vat 
4 | 81752 $7734 | 94018 05982 12266 1824856 1 
5 81767 | $7723 94044 05956 12277 18 1 640] FREMW 
6 | $1787 8771294069 05931 12288 18219 54 | 10001 
7 | 31796 376094095 65908 12299 18204 ] 53 | 0 % 
881810 37690 94x20 | 5880 12310 18190 52 HARA 
9 |_$1325 | 87679 | . 94446 058 54 12321 11% {oe | Ph þ 
10 [9.81839. [9.87668 [9.94171.. [10.05829 1.12332 |10.18161 | 5o | Mr | 
I1 81864 87057 | 94197 05803 12343 18146 | 49 1 
12 81868 87646 94222 05778 12354 18132 48 1 
1381882 87635 94248 05752 [ - 22365 18118 47 6 
14 81897 87624 94273 05727 12376 18103 | 46 1 
15 81911 87613 94299 05701 12387 38089 45 1 
16 81926 87601 94324 ©5676 12399 18034 | 44 | l 
17 | 81999 | 87599 | 94350. ©5650 12410 18066 43 | Fs! 
| 18 | 31934 | 87579 | 94375 05625 12421: | 18046 42 1 
| tg | i959 |- 3750s | gqqor | 05599: | 12432 | Sor an! N 
| — 9.84983 % $7557 9.442 [10-05574 [19-12443 43 [10.18047 40 118 
2181998 8754 | 94432 | 05548 | 12454 18002 39 N 
22 82012 87535 | 94477 95523. 12465 7988 | 38 10 
| 23 | 82026 | B7524 | 94503 05497 12476 17974 | 37 06 
| 24 82041 |- 87513 94528 ©5472 12487 17959 39 FO 
| 25 | 82055 87591 | 94554 05446 12499 17945 35 6 
| 26 82069 87490 94579 ©5421 12510 17931 | 34 KP 
27 82054 87479 - 94 608. ©5390 12521 17916 33 wal 
| 28 | 32:98 |, $7468 | 94630 | 05379 | ' 12532 17902 | 32 pl 
| [29 |_82212 | 87457 | 94655 | o5zas | 12593 474 | or | 
| 30 9.82126 9. 87446 9. PTE 10. 05319. 0. 12554 10. 17874 30 11 
31 | 82741 87434 94706 05294 12566 17859 | 29 YR. 
32 82155 | 87423 | 94732 05268 12577 17845 28 Watt 
| 33 |. 82109 $9812 94757. 85243 12588 17141 4 27} 1 
| q| 34 $2184 37401 94733 05217 12599 ' 17816 | 26 14 
| 35 | $2148 87390 94808 05192 - 12610 17802 | 25 1,08 
| 36 | 82212 87378 94834 ©5166 12622 17788 | 24 ig} 
| 37 | 92226 4. 97307 | need 03141 12633 27774 23 11 
| „ 87356 | 9.894 05116 12644 17700 | 22 Nl 
| 39 j__v2255 | 37345 | 94910: © 5-90 12585 17745 2 iti 
" | 40 1 82269 9. 37334 9.94935 10. 05005 10. 12066 0.17731 20 9 
5 4182283 87322 654961 C5939 126758 17717 19 94 
| | 42 | 82297 8731 94986 ©5014 12689 17703 18 1% 
49382311 $7300 95012 04988 12700 17689 17 — 160 
| 44 82326 87288 95037 04963 127 17674 16 * 
ö 45 $2340 87277 95-02 049038 12722 17660 15 ii! 
1 40 82454 87266 95088 84912 12734 17046 14. | 
| | 47 82568 87255 95113 04287 12745 17632 13 
g 48 82382 87243 95139 04881 12787 17618 12 
49 |. 52399 $7272 56154 043836 12768 17604 11 
0 50 [9 8240 9.87221 9.95190 0.04810 1. 12779 10. 17590. | 10 
5 51 52424 87209 9525 £4785 12791 1757 9 
i 1 T5409 37398 95240 ©4700 | , 12502 17501 l 
7 53 92453 97107 95408 ©4724 12813 17547 © 
b 54 32457 $7175 05291 | 04709 1282 5 17533 6 
5 35 82481 07104 953177 04033 12836 17519 5 
4 932495 $7153 05342 ©4058 12847 127505 4 
3 25 82509 87141 952 163 04032 12357 17491 (3 
, 1 82523 87130 95393 ©4607 12870 12477 2 
I 59 82537 87419 22 04582 12831 17403 1 
55 2 8 87107 45 | 24755 ' 12897 17449 
C . 1 Co-line, dine cee + Tangent. ee Secant. | N. 
— — — ——— 8 — 


1 


45 Deg eee 


1 Tarte V. Of ARTIFICIAL Sines, 8 and beende 42 Degs, 
Pr M. Sine. | Co-ſine. Tangent. Co- tang. Secant. Co- ſecant. if 
. e 8 2 e — — 
4 o 9.82551 [9.87107 [9.95444 10. 04556 10.12893 10. 17449 60 
| w x | 82565 | 87096 95469 | 04531 | 12904 17435 | 59 
I 2 5257/9 | $7085 | 95495 | oq5o5 | 12915 17421 | 58 
. 3 82593 $7073 -| 95520 04480 12927 17407 57 
1 4 $2507 57062 95545 04455 12938 17393 56 
114: | 5 |, $2621 | $7050 | 95571 604429 | 12950 17379 | 55 
EL 8 82635 | $7039 95596 049.04 12961 1736 5 54 
1 ä N 7 82649 87028 95021 04378 + 12973 17351 53 
$314 | 8 | 82663 | $7017 | 95647 | 04353 12984 17337 52 
i it "Why 9 $2677 $7005 95072 | o4 328 12995 7 LIST $i 
4” 170 9.829% [1.86993 9 95698 [10.043cz2. |10. 13007 10,1730 wy 
(1:54 11 148275 86982 : 95723 04277 {| xj gan 17295 49 
1 1282719 86970 95748 04252 13030 17281 48 
„ 1382733 86959 95774 04226 | 13041 17267 47 
1 14 | 82747 | 86047 | 95799 | 04201 13053 17253 46 
177 0 . 3 82761 | 869 36 95825 04175 13-64 17239 45 
„ 16 82775 36924 95850 ©4150 13076 . 17226 | 44 
118 | 1782788 86913. | 95875 ©4125 13087 17212 | 43 
4198 4. 18 | $2802 86902 95901 ©4299 13098 17198 | 42 
1 1982816 86890 95 220 04974 13110 17184 4 
„ 5 20 9.8230 9.86879 9.95952 j10,04048 10. 13121 j10.17170 40 
1 21 | 82844 | 86867 95977 0402 3 13133 17156 39 
1 22 82858 | 86855 96002 03993 13145 17142 | 38 | 
3 32872 86844 96228 03972 13156 17128 (37 
9 82888 - $5832 96053 03947 13168 17115 36 
82899 86821 96078 03922 13179 17101 | 35 
$2913 80809 96104 03896 131917 17087 34 
82927 86798 96129 03871 13202 17073 33 
82541 86786 96155 03845 13214 17059 | 32 
| 82955 | 86775 96180 03820 13225 | -127045 | 31 
9.8268 [9.86763 | 9.6205 10. 03705 [10.13237 10. 17032 130. 
E 82982 86752 96231 03769 13238 ⁴ 17018 | 29 
82996 85740 96256 03744 352601 17004 | 28 
83010 86728 90281 03719 13777 16990 27 
83023 86717 96307 03693 | 132383 977 | 26 
83937 | 86705 | 96332 03668 13293 167653 25 
83051 86694 96357 03643 13306 - 16949 f 24 
83065 86682 96383 03617 13318 16935 23 
83078 85670 96408 603592 13330 16922 = 
. 83092 f $6659 9643 03567 > F34344= 16908 _ 
| 9.831-9 19, 86647 9 90459 [10.03541 10.112353 10. 1894 20 
33119 86635 96484 03516 13365 19350 19 
83133 36624 | 95510 03490 13370. 16867 18 
$3147 $6612 96535 03465 | 13388 16853 | 17 
33101 855600 96560 03440 13400 16839 16 
83174 86589 96586 03414 13417 | 26826 | 15 
33188 86577 96611 03389 13423 1681214 
$3202 86565 | 96636 03304 134335 ⁵ 15798 | 13 
83218 | $0554 96662 03338 13446 16785 | 12 
83229 | 86542 96687 _ 03313 3 15221 er 
50 9.83242 9.86530 9.96712 flo. 03288 10. 13470 470 1.167 58 10 
$3250 86518 95733 03262 13482 | 16744 9 
83270 | 86507 96753 03237 13493 16730 | 8 
83283 86495 96788 03212 - 13505 16717 7 
$3297 85483 96814 03186 13517 16703 | 6 
33310 [86472 | 96839 ©3161 13528 166905 
31324 86460 96864 03136 | 13540 16676 4 
283338 86448 96890 03110 13552 16662 Th 
83351 86436 96915 o308 5 13564 16649 2, 
| $3395 86425 | 96940 03:60 2 10093 | 3] 
83378 $6412 06969 03034 [ 13587 + 16622 | 0 
Co- ine. Sine. | Corang, | Tangent. cee Secant. | NI. 
47 Degrees. 
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Tazrt V. Of Ax irrer Sines, 


8. — | — — 
_ M. Sine. Co-ſine. [Tangenr, | Co-tang. | Secant. Co-ſecant. | 
| © J- 83378 9.86413 96966 10. 03034 10. 13587 10. 16622 60 
1 8339286401 | 96991 ozoog 13399 16608 59 
. 2 | 83405 $6389 97016 ©2984 | 13611 1659 5 58 ö 
3 83419 86377 97042 | 02958 13623 1658157 
3 83432 86366 97067 02933 13634 16568 56 
5| 33446 | 86354 | 97092 02908. 13646 16554 | 55 
6 | 83459 86342 97118 | 02832 13658 16541 54 | 
7| $3473 | 86330 | 97143 | 02857 13670 16527 | 53 
8 | 83486 | 86318 97168 02332 13682 16513 | 52 
{{_2j_33500_| 86306 _ Gann {nn $2997 | - 13008 | 36408 | 51 
110 9.83573 [9.86295 9.97219 10.02781 10. 137% [10010487 | 50" 
11 | 83527 86283 97244 02756 13717 18473 | 49 
12 | 83540 860271 97269 | 02731 13729 16460 | 48 
|.13 | $3554 | 86259 97294 02705 13741 | 16446 47 
14 | 83567 | 86247 97320 02680 13753 16433 | 46 
15 83581 86235 | 97345 02655 13765 16419 | 45 
16 83594 | $6223 97371 02629 | 123777 16406 | 44 
17 | $3607 86211 97 396 02604 13789 16492 43 
18 83621 $5200 97421 02579 13300 16379 42 
19 83634 86188 97447 8 13512 16366 41 
20 9.83648 86776 „97472 io. o2528 10. 10.173824 10. 16352 ⁴³ 40 | 
21 33561 86164 97497 02503 13836 16339 39 
22 | 83674 386152 | 97523 02477 13848 16326 | 38 
23 | 23088 | 36140} 97548 | 02452 | 9% 16312 | 37 | 
24 | 83701 | $6128 97573 02427 13872 15209 | 36 
25 83715 85116 97598 02402 13884 16285 35 
26 | $3728 $6104 97624 02376 | 13896 16272 [34 
2733741 | 86092 9764 02351 13908 | 16259 hi 26) 
28 | 83755 35080 97074 02326 13,20 T6245 | 32 
29 | 83768 86068 97790 02320 __ 13932 * 15232 317 
30 9.83781 9.86056 997725 10. 0227; [10, « 394 10. 16219 30 
3183795 86044 97750 O22 50 13956 16205 | 2 
32 | 33808 86-32 | 97776 02224 139:8 16192 | -28 
33 | $382r | $6520 978% | 02199 13480* | 16179 | 27 
3483834 $6008 . 97826 02174 13992 16166 | 25 
35 | 33348. | $5996 | 97851 02149 | 14004 161522 
3683861 85984 97877 602123 14016 10139 24 
377 83874 85972 97902 02C98 14028 16126 | 273 
38 | 83387 | $5960 97927 02073 14049 | 16113 | 22 
39 |__83901 $5943 | 97953 | o2047 14952 1509 | 21 
40 9.83914 9.85936 9.97978 »[10.02022 10,14 14069 19. 10086 | 20 
41 833927 | 85924 98003 1997 | 14076 16073 | 19 
42.| 83940 $5912 98029 01971 14088 15060 | 18 
43| 33954 | $5900 | 98054 01946 T4100. 16049 | 17 
44 83997 | $5888 98079 01991 14112 16033 | 16 
45 | 83980 35876 98104 01896 14124 16020 15 
46 83993 85864 [98130 01870 14136 16007 14 
47 | 84006 85851 98155 01345 | 14149 15994 | 13 
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4 Elapſ. Middle | | 1 L Elapſ. | Middle 
Time. ime. | Riſing. M.#} | Times Time. 
2. 53834814.7175513-5395* 39 | 5.41488ʃ4.88615 
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4506. ]. 85039 81201 53 32485 97578 
44815] 85288] 81717 53 323%} 97794 
44567} 85536] 82230 54 32134} 97969 
4422] $5782} 82739 54 31500 98147 
424077 86026 83240 $5 31787 98316 
5-43334{4.86269 3.837400 | 55 2. 31619|4-9645, 
4359 36511} 84250 56 31443} 88060 
43357] 86750] 84748 38 31272 93831 
43114} 86989 $5242 87 31103 99 
42878} 87225] $5734} 57 30936 99165 
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1 A TAB I. E e the 2 H | 
£2 1 Elapſ. Middle 1 | | 1 I Elapf. Middle 
5 ww. +. 3; Time. Time. 8 1 M. S8. Time. Time, | Rifing. 
— 1 — — _ , . — — — 
25 ot 30 ſo. 29939 5.00164 4.13085] | 30 30 {0.21432{5. 08671 [4+ 31801 
„en % | 29776] 00327] 13406; 31 | 00 | 213934 03794] 32079 
567 en | 30 [29674] 0489 13756] | 3: | 3o | 21187] 03916 32355 
034 | 02 00 29453] 0650 14104 | 3z oo 21066] 9037] 32631 
453 | 30 | 29293] oo810| 14451 1 32 39 20945 09158] 32906 
ü 0 291331 00970] 14797} JÞJ- 33 | 02 20324] 99279] 33180 || 
1 23974] 01129] 15140[ {| 33 | 39 20704] 09399] 33452 
| 288165 01287] 15483] J 34 oo { 203854 09510] 33724 
28659 01444| 158244 { 34 | 39 20466 09637 33995 
| | 28502 Nabe 6163 35 00 203488 09755 4285 1 
8.283466. 01757 4.16501 35 30 p. 202305. 9873-34534 
28191] 919120 16838 | 36 O0 '| 20113] 9990] 34802 
28037 02066 17173 36 39 [19996] 10107 35069 a 
27884 02219 17507; 127 09 19880. 10223} 35335 al 
27731] 02372| 17839 4 37 39 19764] 10339 35600 9 
27579] 02524| 18771 J 38 30 19548 10454 35865 
27428 02675] 18500 1 38 oo 19534 10569, 36128 1 
27277] 02820 18829] J 39 30 19420 10683 36397 
27127] 02976 191 56 1 39 OO 19306| 10797 | 36052 bn 
| 26978 83125 19 19482 3% | 0 9193 109 10 35013 5 
9.26830 3.03275 7.19805 40 30 fo. 190805. 11023 4.37173 1. 
26082 9421 20129 4r | 00 13968] 117135 37432 | it 
26535 03505] 20457, 4130 | 18857] 11240] 37690 
26389] 03714| 20771; "42 | 00 | 18746] 11357] 37948 
26244 | 0385,| 21097 42 30 18635] 11468 58204 
26099} 04204] 214099] J 43 0 18525 11578] 38460 
25955 C4148] 21725 43 |. 39 18415 11688 33714 
253811; 04292] 22041 44 00 18306] 11797 38968 
25668 ©4435] 22355] 44 30 [28197 11906] 39221 
25526] ©4577} 22668] 45 | 00 18089 12014 39473 
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| nl .} | 3?- | 27679, 98424] 31244) 59 | 30 15146 14957 46442 
21555 8 548] 31523 | 65 o 18051] 109246671 


4 


"= * 


4 "Tavis v. For finding the Latitude by Two Altitudes of 5 bo 
4 —— — — — — 
9 1 LATITUDE by Two Abritydes. x HOURS. 
\$ | 4 Elapf. Middle | | | | x Elapf. Middle | 
1 M. 8. Time. Time. | Riſing. 8. Time. | Time. | Rifing, 
| 'Y . O 30 ſo. 14957 5151460446899 30 30 ſo. 2. 09981 5.20122 4. 59436 | 0 
= I OO 14863 15240] 47127 31 oO 09909 | 20194] 59% 
„ 130 14769 15334| 47354 31 30 | 09837 | 20266 5,84 < 
3 00 14676 15427 47580 32 oo | og766 | 204338] bc 
we - 10 14583 15520] 47806 32 30 09694] 20409] tory) | 0 
1 £ 00 144900 15613 48231] 33 oo 9623 2048c| bo © 
2 EIS | T4395} 15705] q3zs5 33 | 30 [9552 20551] 6oxrr Will © 
1 4 | oo |. 14306| 15797 48479 34 | 00 994852 20621] 6-568 © 
"| 4 | 30 |  14215| 15888 48702 3430 09412 20691| 6ogr iſ © 
4 5 | oo 14123 13979 48924 35 OO | 09342 2070 67755 | © 
8 3 9.14034 35 5- 1606, [4.49145 35 39 [0.09273 5. 208300. br; ill © 
i $ |, o@ | 13944] 16159 493% | 36 | oo | og204| 20899] in 0 
-* 6 30 13854] 16249 49586 36 30 0915 20968 6r6gs | Of 
= 7 oO 13765 16338! 49806 37 oo | ogob7| 21:36] 61128} © 
. 7 | 30 13676] 16427 50025 37 4 30 ©8999 | 21104 626i | O' 
_ $ doo 13587] 165160 50242 38 oo 08931 21172] 6226 | ©! 
be 325 30 | 13499] 16604 Soto 38 30 08804 21239 62435 | 08 
'B '9 | oo | 13411] 16692] 50077 39 oo 08797 21306 620% co 
. 9 30 133244 16779 50893 39 39 8730 213730 6290 0 
4 10 | oo | 13237] 16866| 81109 40 co o8664 | 214390 6265, 10 
Ut - 10 30 |--13150|S.16953/4.51324 4.0 30 [9-95597 j5 21505[4.6z168 20 
. 11 o 13064] 17035 51539 41 oo | o>531} 21571} 63% 
BE 17 30 12971] 17125 $1753 41 30 Oo8 466 21627 63571 11 
1 12 00 12893 17210| 51966 1 oO o84o01 | 21702: 670 12 
3 12 30 12808 17295 52178 42 30 05336 27767 bzö 12 
_ 13 Co 12723 17380 52390 43 O0 08271 21832 6gob? 13 
5 13 30 12638 17465 52601 43 30 o S207] 21846| 64246 13 
1 14 oo 12554! 17549] 52812 44. OG OS143} 21Ty6c| 64424 14 
.- 14 30 12471] 17633 53022 44 30 0807 22025 (64614 
-* BY = T5 oo 1287 17716 28231 45 CO 083015 22088] 644108 15 
1 15 30 [o. 12305 5. 177994. 53440 45 30 2.07952 |5+22151| +043; 25 
WE 16 % 12222 17881 53648 46 % 788% 22214| 6 
_— 16 30 1214 17963 538 56 46 39 | 07827| 22276| 6551 16 
"FF 17 | oo 120530 18045] 5406; 47 | oo 765 223380 65308 17 
f Wit 17 | 30 | 11077] 131260 54269 47 30 | 07793] 2240. b56b 17 
— 13 oo 11896 18207 54475 328 OO ©7641| 22462] 65331 18 
wy 18 | 30 | 815] 18288] 54680 48 30 07579] 22524| C 13 
it 19 | oo 11734 18369 54885 49, | 67518 22555 bi 
If 19 30 116544 18449] 5708, 49 30 07457 22646 663 19 
1 20 oo 11574 18529 $5257 50 o C7397 | 22707| 6655 20 
Ft 211 | 210 2029) 0 = WY 
i: wp bi 20 | 30 0.11495 5.180804. 55490 50 30 (0.07337 [5 2270004075 20 
"k 11 21 o 114100 18687] 5565598 51 oo | ' 07277 228260 608] 5 
1 2130 11337 18766 559co 51 30 07217 | 22880 670 27 
1 N 22 Wo 112590 18844] 56101 HS oo 057158] 22945 6721 45 
; 1 9 22 30 111810 18922] 56301 52 30 07099 23004 676 22 
it Jl MY ©O 11104 18999| 56501 53 oo 07040 23062 (755 2 
1 23 30 11027 19076] 56701 53 „ obg%1| 2312; 6775 23 
1 24 oo 109 50 19153 569 54 — oo obg23 23180 67 2 
Al 24 30 | 10873] 19239, 57098 34 | 30 | o6865| 232381 0 24 
1 25 | o& 10797 19306 57296 355 % | ot8:8| 23295} 61:8 2; 
25 30 ſo0.10792115-193e2i4.57494 55 30 jo.06751 5.23352 40% 25 
26 CO 10645} 19458 57690 56 ̃ üö co 06654 234057 / 26. 
26 | 3o | 10570] 19533 57886 56 30 | o6647 | 23466] 600 2 | 
27 oo 1049 5 19608 52082 57 | oo 06580 | 23523) (4% 27 | 
= | 30 10421] 19682 58277 57 30 66524 2357 69 a 
28 | 00 10347 19756| 58471 58 (oſs) 0646823635 69: 2 
28 30 10273 19830 58665 58 30 | 06412 23091 620 20 
29 oo 10199} 19904 583 59 59 | oo 606357 23740 695 29 
29 | 30 19126| 19977 559052 59 30 06302 238070 bY 29 
30 oo |, 10053} 20050 59244 bo oo 06247 23856 690 30 
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Tani VI. For „ the Latitude by 7 Two Altitude of the Sun. 


A TABLE for finding the 4 4 HOURS. - 


4 * 


—»„» 
| ST 
-LE gare | Middle 
| Time. | Time. Riſing. 
0.06192 5.23911 70061 
06138] 23965 70224 
obo8g| 24019} 70387 
6030 24073] 70550 
05977 241260 70712 
05924| 24179] 70874 
o5871j 24232] 71036 
05818 2428 5 71197 
05766 24337 71357 
05714 24389 71538 
0. 050025. 2444104. 4.71678 
05610] 24493] 71837 
05559] 24544} 71990 
05508 24595] 72153 
05457 24646] 72373 
05406 24697 72471 
05356 24747 72028 
05306 24797] 72786 
05256 24847 72942] 
05207 24897; 73098 
0.051585. 24945/473254 
05109] 24994 73410 
05060] 25043] 73565 
5012 25091 73720 
04964 25139} 73874 
04916 25187; 74028 
og 868 25235} 74182 
04821| 25282} 74335 
04774 | - 25329| 74488 
| _©4727| 233790 74641 
0.04680 15. 2 5423 4.74793 
04634 25469] 74945 
04.588| 25515} 75056; 
04542 25501} 75247 
04496 25607| 75398 
04433 25652 75549 
04406| 25597 75099] 
25742 75848 
04316| 25787] 75997}. 
04272. 258310 76146 
04:28 [5,25875[4+76295] 
4184 25919| 76443 
25962 76591 
98] 26005} 76738 
04055] 26048) 76885 
04012 26091] 77032 
03969 26134 77179 
03927 26176; 77325 
03385] 26218 7471 
8 26260 77616 
0380T [5.20302 [4.77761 
©3760] 20343| 77906 
26384] 78050 
26425. 78194 
26466] 73338 
26506 24481 
2546 75624 
26586 78767 
26626] 578905 
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8. Tine, 
— — — 
30 9.03399 
00 03360 
30 03321. 
oo 03283 
30 03245 
oO 03207 
30 * 
CO 03132 
30 | 03995 
OO 03058 
30 j0.03021 
oo 02985 
n 
00 02913 
30 02877 
O0 02841 
20 ©2306 
co C2771 
30 02730 
oo C2701 
30 0.02667 
Co 02633 
30 22399 
oo 02565 
30 02532 
00 02499 
30 02466 
oo 02433 
30 02400 
CO 02368 
30 o. 02336 
'o0 | - 02304 
30 02272 
CO 02241 
30 |} 602210 
OO 92179 
30 02148 
CO ©2118 
30 02088 
OO 02068 
Jo [O. 202 
os) 01998 
30 1969 
OO | 91940 
30 1911 
00 01882 
30 01854 
CO 01826 
30 01798 
CO 01770 
39 [0.01743 
OO 91710 
30 15 01689 
SO 61662 
20 01035 
OO 01609 
39 |. £1593 
. 
30 01531 
1505 


26065 


79051 


nn 


Middle 
Time, } Ping. 
526704479193 
26743 79334 
26782 79475 
26820 79616 
268 58 79756 
26896] 79896 
26934] $0036 
26971] $0175 
27c02| 80314 
27045 $0452 
5-27082 [4.80591 
27118| 80729 
27154 $0867 
27190 81004 
27226] 81741 
27262 81278 
27297 $1414 
27332] 815 50 
27367 $1686 
27402 81821 
$-274361j4-51956 
27470| $2091 
27504 82226 
27538] $2360 
27571} 82494 
27604] 82628 
27637 82761 
27670 32894 
27703] 83027 
2773523159 
5.27707 4.83291 
27799] $3423 
275831] 83554 
27862] 83085 
27893 $3816 
27924} $3947 
27955] $4077 
27985] 84207 
28013] 84337 
2%045| 84406 
5-25075|4+54595 
28105| $4724 
28133 C4863 
28133] $4981 
3 30 85109 
2822 | 385236 
28249; 85362 
28277] 85490 
2338z| 385517 
3 $5744 
5 253bc|4. 85870 
28387 85996 
2904144 861721 
25441] 80240 
28408] 86371 
28494] 86496 
28 520]. 86621 
29546] 36545 
2557: 86869 
285% [ 8690 3 
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| TABLE VI. For finding the Latitude by Two Altitudes of the Jon 
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"LATITUDE by Two Alitudes 5 HOURS. 


© 


klapt, Middle — 
Ir xklapf. Middle a | | "44 
M. IS. _ ' , : i 8 ö i 1+ Elapf, Middle 
1 3 | 5 . 5 M. 8. Time. Time. Riſing, 
0 30 9.01480 3.28623 4.87116 „ . „ MS. 
x |. oo 01455 f 28648 : lope, 8 1 32 N 55297424. 94033 . 
11 1430 28673 87362 31 N 5 : add 39754 94141 | 2 0 
85 mw ©1405, 23698| 87484 | 32 > : 2 . 9424 15 
3 | co | on357] 28746 $7728 | 31 5 eee. —_— 94463} 2 
: 30 01331] 28770] 878 50 33 30 e 2 9400 2536 
| oy 01309] 283794] 87971 34 90 00280] 298 4 
4+ «pa 01286) 2887 $8092 | e "ac 
LS. { oo 01263 28846 3827 1 3 1 | 29834| 9498 313" 
7; | 70 5:04 157258 85 TCT 465 
+ | 01240 {5.2586 3 . 5.50240 J 2 5 35 
„ 3 38 FT „ 4+95100| tlc 
6 30 01194 2890 3887 To ON37 1 e C 
94 909 574 1 36 0 0022 208 | 513 
7 oO 0102238931 886944 | 37 | 5 1 ae | — 9531} 0b 
7530 | orgo| 28953] 888144 1 9541; WW 6135 
* 00 O1128 |. e $8933 | 1 850 aeg 29854 95520| 7 
8 20 11106 28997 890 52 23 5 e — th 95024 | 713 
9 o0 01084] 2901 3891711 0 5 1 957 Sb 
„3% | o1c63| 2504 IPs on „ | #136 
10 | 1 | 
10 30 0.01021 5.29052 4.89525 N 8 ee e ee ee f 9 3 
11 00 01000 20103 8904 40 3 001575. 299454 9014 10 00 
. 11 30 005380 29123 788 VVV pp 7 
40 12 %o 0 29143) 89877 4130 00142 2967 90% 
1 12 36 0094 2 7 o 001344 29969 696451 1130 
* 13 oo oo 29183 90111 S 9 3 Pons 29976} 96553 12/90 
3 73 30 003500| 292031 90227 #3 ws 00120] 29983) 9665 Bl 173” 
3 14 Jo o0881| 29222 90343 . 00113] 2990 9% 5 
1674 14 20 00302 | 29241] 904 * 1 > doro 29997 368% BN 1513” 
4 15 co 092343 29200 0 39 44 39 00299 | 30004 96961 [14190 
__ 6 | _ e yu e $37.54. „ 00093] 30010 97061 1430 
1 3 SO 4 2 14.000 NE OT ; Rt : — — 
= 10 oo oO 305 : 74 i ebe 8 45 ID . 00087 5. 30016 4.97103 15005 
14 6 bk ee 45 co 00081] 30022 260 1530 
15 : l 30 ö 00787 29316 90920 46 20 O00 97 y 16000 
1 8 | 17 | CO O07 bg | 29334 | 91035 DS 8 JONES 97365 1630 
1 3 2780 20352] 977 3 7 30033] 5% 
i 
_ f / CO o00Co , 7 
1 18 08 00716 29387 991377 | 48 30 0005 ip 970% 000 
+: 19 GO 00699 20404 1 : ITY 9742 1830 
1 : = 9494; Rey” 49 00 o0050| 300 T7 We 
we: aa 5 49 3% | £0045] Joos ee 
1 230 30 o. 006485. 2 614. | | 3 . 2020 
1 2130 cc676 29487 9254 „ Is 93261 21 
3 we oy oo 29503] 92105 a — = ons - 
= 785 30 00584} 29519} 92278 52 30 ©0002 
oF [if i 23 7 00 O00 508 2982 = - 3 
1 5 „ 53 oO 00020 
_ * 3” 00553 29550] 92501 5 30 : OOO 
bj 1 24 oo | 0.5385 29555 92612 54 fe) eee 
1 24 30 cog] 29530) 9272 ; | 5 
HY 25 3 e of: 723 54 30 00012 
bl 19 - 52 81205223812 55 oO 00010 
ö 4 5 30 9.09494 5 295009 1920 Aa : I LY | 
I} V 
4 1 26 20 004606 29637 93164 | 56 30 ; 888 7 
1 FE co { 00452| 29651] 93274 57 o a. 
bi £ 27 30 o 438 20605 93383 49 30 8 | 
12 28 00 00425 | 29078 93492 58 00 5 ws. 
5 30 | 00412; 29691} g36o1 583 30 00001 
SY _ Gan9y| 297047 $3709 59 _ 885800 
29 30 0386 29717 93817 59 | JO ©OOO00 
ng. 2 + 2975; 29730 93925 bo 1 ow 1 once 
, — —— äMiů⁴ — — 5 : 


TABLE VII. For computing the Altitude and Time, when the Sun 
or Star is more than 6 Hours diſtant from the Meridian. 


6 Hours. -. 7 Hours. CV STOum. 
| Log. | Log. . Log. Log. Log. || 
Mß. Rifing 8 Rifng. MS] Riüng. * 8. Rigng. -I Rifings | Rilings ' 
c/30]5-00294]30[3<} 5.05410] c|[30]5. 10068 300305 14134 5.20695 1 
bo 0188 [31D 05493 jock 10140 3c 14198 20742 || 
130 00282131135} 055760 113} 10212 [31]30] 1426711 20788 4 
b - ©0376132}00} 56 59 2400} 10284 3200 14324 20835 
30% 004693237 05740] 2130] 10356 32% 14386 20681 | 
%% 0 563033000 05822] 300 10429 [331000 14449], 20926 + 
2130 00057133139] 05904 3139] 105011331z30t 14511 20972 b 
zoo} O51 34% O5985] %%% 10573 [34)o0F 14573} 21018 , 
4130} ©0844(34j30] 06067] 4/300 10643134|30F 14635 21003 j l 
goof 00936135190} 61149 goo 10714 j35)00] 14697 21109 | 
6139} 21028035030 86230 5330} 10785 135130 14759 21155 . 
6190] Ox121]36j00F 63712 6Joo} 108 56360 14821 21201 11 
| 6139] 1213136030] 06392 6130] 1092636300 14882 21245 0 
7% 9305370 06472 750 10997 [37100 14943 21290 | l 
| 713%} 01398137139] ©6553] 7130] 11268 3236 15004 | 23335 7 „ 
| $100] Ox4go0}z8jo0} 96633 Sſoof 11139 [380 15065 21379 1 5 
| £130] 980380300 867131 $130] 11208 38036[ 15126 21424 1 1 
| 6/20] 01671139100} 06793] 9% 1127839 %% 15187 21409 1 
93% 1762393 %% 96873 9300 113473900 15248 21513 o 
| 19/90] O1853Þ40[9H ©6954þr0fo0| 11417 40% 15309 21558 
100% ©1943]40]3%] 97033fr0f30| 17436 [40130] 15369 21602 
[11/90]. 02034141[©2}, O7111911100] 11556 [41/00] 15428 21645 
11135] 02125041139 O7190|v[30] I1625141]30] 15488 21689 
120 O 215420 92691200 11694 40% 15548 21733 
12130] 2304042300 734801230 11793142139} 15608 2177 
1329] 0239404300 07427}: 3joo] 11831430 15667. 21820 | 
1513] 248304330 ©7505Þr3]30] 11899 433% 15727 21864 
14% O 257A 9 5841400 17967440 15787 21908 
1430 92661044300 76627430] 120364430 15846 21950 
15/99} ©2750[45|/9% ese 1210445 15904 21993 
| 1535 92839045/30% 9781611530] 12172 (45 20] 15963 22030 
16/09) 02928146120} 9789416 12240 fp 16022 22078 
16/439] 03016460300 7971160300 12307 46030 I6080 22121 
17 OO) c8049|17100| ⁰ 1237447 16139 22164 
730% 9319073 812607 30( 124414730 16197 2220060 
15/90) 03279148199] 08203[18j00] 1250314810 16256 22249 
153% 23366148139] 03280115139] 12575/48300 16314 22291 
192 934544900 033 5619% % 12642 [4y,jo0of 16371 22332 
969% 93542040 39 8432190300 127094930 16429 22374 
20 0 33629500 0 508 HZ 1277650 16486 22416 
2030 03715 50138 08 584 20030 12841 30130 16544 N 22457 8 
21/04! ©3801051j00] oB8660fz1jout 32507 [51/5 16601 22499 
21134 03887151130 ©08736[21/39] 12973551130] 26659 22541 
22,00] O3974t52100] 088 122 13039 52 16716 22583 
2 0 84060520300 888722030 1310452 0 16773 22623 
2 8414650 60396 f 30% 13170[53/uo| 16829 | 22664 
330 9423253030 903623030 13230530200 168385 22705 
3 24318154|-2|- 9914 12302 [C4 16942 22745 
9 844025430 ©9185}24[30|. 133665430 16998 22780 
J 34487550 ©g26c}25/0 13431J55% 0 17054 22827 
"51 4571155139 93335125139 1340555 17111 22568 
„ 24656156/09] . 09409126100] 13560 [56/00] 17167 22908 
8 04742136130] 9948 3J]26030 136245630 17222 {: 22948 
| 04825157199 09556127100] 1368957 0 17277 22988 
| 49195734 ' 09629271390] 13753057130] 17333 23027 If 
%% 04994]58[09Þ 09703[25/00| 13818]58]:o] 17388 23067 
th 05077158t30) 89977028 30] 13381 58 30 17443 23107 
1% 2316P59]-2] 085 %%% 13944 [59|-o] 17498 23126 
05 95243459] 30[ 923 29130 14008159300 17554 23186 
; hs 5 09996305 14071 * uy 17609 | 
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3 TABLE VIII. Or NATURAL SINEs. 

_ $4 76? 1D * 

#1 * M. ine N col. N fine N col. N fine N ſinef N col. M. l 
_ o | 09[100c0>| 1745199985] 349c|: 697619975} %o If 
+; if 2 | 25} ooo 1774} 984} 3515 7005} 754%} 59 
{5118 ; 2 5 [oc 180 / 984 3548 70344 752] 58 
_ 3 | 87} oo0oo| 1832 98303577 7063 750 57 
__ 4 216} ooo 1862] 983] 3606] g35} 535% B57] 7092] 748 56 
— ul 5 | 145} oooo| 1891] g82| 3635] 934} 537c| 855} 71211 746 55 
. a 174% coo} 1920} 982J/ 3664]. 933! 54088 854 7180 744] a 1 
. 7 204 100000 19499981 3693199932! 54379852 71791997421 53 
1 $ 233] 0000{ 1978] 980 37230 931] 54666 851] 72080 7400 52 
115 il 9 262 0000| 2007] g8c| 375 930 5494} B49] 7237 739 51 | 
18 297] oooo| 2036 979 3781] 929 55241 347% 7266 736] 50 jy 
1 11 320 99999 2065 979% 38100 927; 5553] 8460 72950 734% 49 f 
1 12 349! 9999 2094 978 383% 9260 5582 844] 7324| 731} 48 
1 13 3780 99999 212399977 38680999250 56111959842] 7353199729] 47 | 
.. 8 14 | 4o7] 999] 2152| 977] 3897] 924 5640} 841) 7382 727] 46 | 
1 15 | 436; 999 2181} 976 3926} 923 5665; 83% 74110 7250 45 | 
1 16 465 999 22171] 97639550 922 5698 838 74400 723] 44 | 
'..,M 17 | 495] 999 22400 975} 3984 927 5727 B36) 7469| 721 43 | 
1 18 -| 52 999 2260 974} 4913} 919 5756 834/7498 219% 42 
1 ig 553 99998 2298 99974 404299918 573598330 7527199716} 41 
1 20 582 9998 2327 973 4071] 977 5814 837/7586 714. 40 
IR 21- | 611; 9998 2356) 972 4100 g16| 5844] 829 75850 712 39 
1,8 22640] 9998] 2385! g72] 4129] 915 5873 827 7614] 7100 38 
LM 23 | 669) 93998 2414] g71] 4159] 973 5902| 826] 7643] 708| 37 
FM 24 | 698] 90982443 970} 4188) 912 5931; 824757 705 35 
1208 25 [727 99997 12472199969] 4227199912! 5905 99822 7701199703} 35 | 
1 26 756 997 2501; 969 4246} 910 5989 521 7730] 791] 34 
= Fi 27 | 7%5| 99% 2539! 968 4275 90 bois) 819 7759) 6gg 33 
1 28 | 814j 997 2550} 967 4304 907 6047] 817 7788] 6960 32 | 
8 29 | 344] 999} 25389; 9661 4333] 900 6076; 815 7817) Ogg! 31 
Ji 30 | 873] 996 2618; 966/4362 gos| 6108 813 7346| - 692] 30 
4 31 - 902} 99996 2647999650 4391199504} 613499812 787599689 29 
2 dis Bro goa: 6977 e 
11 33 95 995 2705 963 4449} 997 6192] Bos} 7933] 685% 2) 
1 34 „% 995 2734| 963 4478] 80 22 Bob| 7962 58 26 
©, 1480 © 35 1018 995 2763] 962 4507] By8| 6250} 804 799% 68c| 25 
48 1 37 mw 99994} 2521199960} 4565199390, 633899801 8049199676] 23 
1 38 | 1x05} 994 2850 959 4594 894/6337 799 8078 673]. 22 
1 1 39 4144 994| 2379! 959| 4923 893 6396] 797 8107 071 21 1 
| TH j 40 16 903 2080 958, 4653] 892 6395] 795! 8136] 6851 20 
1 41193 993 2935; 957/468 90 5424 793] 81650 666 12 
3M { az 1222 $93i 2367| 95 4711 B89} 6453] 792 8194 664 183 | 
i; 1 43251 99992| 29%%%%55 474% 88 548299795 22239986 % 17 If 
1 44 1280[ 992 3025 954 4769 856) 6513} 73880 8252 659 15 
46 45 139% 991] 3254j 953] 4708 885; 6540) 786 82870 657] 25 

1 46 | 133%} 9921] 3083]. 952} 4827] 883 056g, 754; 8310 654] 24 

47 367 991} 3112| 952} 4856} 88265978] 782/8339 $52] 3 is 
48 13956 990 3141} 95 4885] 881 6627) 285 836880 649] 12 
| ag 1425 99990} 3709950 41499879 695% 99772 8397109047] 21 { 
ki co | 1454) g89! 319 949] 4943] 878 6685] 776 842% 64% 10 || 
51 | 1483] 88% 3223]. 948 4972 870 6714; 774| 8455 642 9 |; 
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bo 12.2553 11-9542 [1.7782 [1.6532 [1.5563 [1.4771 [1.4102 [1.3522 [1.3010 
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TABLE XI. PROPORTIONAL LOGARITHMS. 

k , h / h 7 h Fg {h 45 h ae M -h We 3 h 7 
„% rr fo” 233" ©” 13 lo? 14 [o* 6 Ho®: 26] of 17 | 
1.3010 1.2553 |I-2139 [T. 1761 |I.1413 1. 1091 [1.0792 1.0512 1.0248 
23002 | 2545 | 2132 | 1755 | 1408 1086 | 0787 | 0507 | , 0244 

2994 | 2538 | 2125 |. 1749 1402 1081 0782 0502 | 0240 

2986 | 2531 | 2119 1743 1337 | 1076 8797 0498 0235 

2978 2524 2112 | 1737 1391 1071 | 0772 0453 | o231 

2970-1] 25175} 2106 | 177 1385 1066 | 0708 | 0489 | o227 

2992 | 2510 2099] 1725 | 1380 | 1061 | 0763 | 0484 | o224 

2954 | 2502 | 2093 | 1719 1374 | 1055 | 0758 | 0480 | o218 

2946 | 2495 | 2086 | 1713 1369 | 1050 | 0753 | 0475 | o214 

2939 2488 2080 1707 1363 T045 | 0749 C471 O21, 
1.2931 [1-2480.[1.2073 I. 1701 |1-1358 [1,1040 |1.0744 [1.0496 [1.0206 

29232474 | 2066 | 1695 | 1352 1035 | 0739 | 0462 | o201 

2915 2467 | 2061 | 1689 1347 1030 | 0734 04586197 

2907 | 2459 | 2054 | 1683 1341 | 1525 | 0729 | 0453 0193 

2899 | 2452 | 2047 1677 1336 1020 | 0725 | 0448 0189 

2891 2445 | 2041 1671 1331 1015 0720 0444 0185 

2883 | 2438 2035 166 5 1325 1009 715 | 0440 | or8o 

2875 } 2431 2928 1659 1319 1004 07100435 0176 
2868 2424 | 2022 | 1654 | 1314 0990 706 60431 | 01720 

2860 | 2417 | 2015 | . 1648 | 1309 0994 | o70r | 0426 | 0169 
1.2352 . 2410 ff. 2009 \1.1642 1303 1.0989 f. 0696 [1.0422 1.0164 

21 2845 | 2403 | 2c03 | 1636 12.98 0984 | obgz | 6418 0160/ 

22 | 23:7 | 2396 | 1996 1639 | 1292 0979 } o6S7 | 604130155 

23 | 2829 | 2389 | 1990 | 1624 | 1287 | 0974 | c682 | 0408 | 0151 

24 | 2821 || 2352 | 1984 | 1619 | 1282 | 096g | 0678 | 0404 0147 
25 | 2514 | 2375 | 1977 | 1613 | 3276 0964 | 0673, | 0400 0143 
2 2306 2358 1971 | 1607, } 1271 0959 0568 0395 6139 
27 | 2758 | 2362 1965 160 1266 0954 | 0663 | 391 | 0135 
28 | 2791] 2355] 1958 | 1595 | 1260 | 094g | 0659 | 0386 0130 
25 | 2783 | 2345 | 1952 | 1589 | 1255 | 0944 | 0654 0382 0126 
30 [1.2775 1.2341 [r.1946 [1.1584 1.1249 1.0939 [1.0649 1.0378 1.0122 
31 | 2763 | 2334 | 1939 | 1578 1244 | 0934 | o645 | 0373 | ons 
32 | 2769 | 2327 | 1933 1572 1238 | 0929 0640 } 0369 60114 
33 12753 | 2329 | 1927 1566 | 1233 | 0924 | o635 | 0365 | 110 
34 | 2745 | 2313 | 1929 | 1560 | 1228 0919] 0631 | 0360 0106 
35 | 2737 | 23296] 1914 13355 1222 0914 | o626 | 0356 of 
36 | 2730 2300 1908 1549] 1217 | O9 0621] 0352 | oogs: 
37 2722 | 2293 | 1992 | 1543 1212 | ogog | obi7 | 0347 | 0093 
338 | 2715 | 2289 | 1895 | 1537 | 1206 | 0899 0612 | 0343 0089 
39 2707 | 227 1889 | 1532 | 1201 0389465608 0339 0055 | 
40 |1,2700 1.2272 . 1883 [1.1526 1.1195 j1.0889 1.0603 [1.0334 7 088 
41 | 2692 2265 | 1877 | 1520 I191 | o8%4 | ogg8 | 0330 0077, 
42 2685 2259 1871 1515 1106 [60880 0594 0326 |. 0073 

43 | 2677 | 2253 1364 | 1509 | 118 | o875 | o589 | 0321 |. 0069 

44 2670 | 2245 1358 1503 þ 1175 | o870 | 0584] '0317 | oobs 

45 2663 2239 1352 1498 1170 0355 0580 | 0313 0061 

46 | 2655 2232 1846 1452 1164 860 0575 0208 | 0057 

47 | 12648 | 2225 | 1840 | 1486 1159 | o8;5 | 0571 | 0304 | 0053 

48 2440 | 2218 1834 1481 1154 850 0566 | 0300 | oo4y 

4g | | 2633 | 2212 1828 | 1475 1148 o84c o551 | O295 j 0044 
"50. 1,2626 [1.2205 [I. 1822 1. 1469 1. 1143 l. 0840 1.0557 10291 1.0040 

6 6 2615 2193 818 1464 1138 0835 0552 0287 pe 0036 

52 2617] 2192 18001458 1133 | 830 | o548 | 282 | bot 

52 2603. 2185 21803 1452 | . 1128 | 0826 | 0543 | 0278 | o028 

54 | | 2596 | 2178 1797 1447 | 2123 CY 21 0539 0274  co24 

55 | 2539 | 2172 | 1791 | 1441 1117 | c816 | 0534 | 269 oo 20 

56 2582 | 2165 | 1785 | 1435 } 1112 | o811 0529 0265 0016 

&7 1532574 | 215% | 1779 | 1430 1107 | o806 }' 0525 | oz26T | o012 

53 | 2567 | 2152 | 1773 | 1424 | 1102 | 0801520 | 0257 | ooos 
59 | 2560 | 2145 1767 1419 | 1096 | o706 0516 | o252 | 0004 
o 12553 12139 [1.1761 [1.1413 {1.1091 [1.0792 [1.0512 [1.0248 f. 
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TABLE IX. ProPorTIONAL Loc AnfTHus. 


— 


” 
, * * 1 " 8 4 

Sr Wi — — RE III ICY 8 — — 4 
— r — = —_— * — 

. = * Fx . —_ - — — 

— > Z - 2 
— — - —— 8 * = = _ 7 
— — = 2 — 
— — 


B Ac. Ate. 


1 LIES in EC ae de el 3 E 
8. os 18/08 1910? 2010? 2100/0 224109 23/00 24102 2 5% 26% 2710? 28˙)% 29 
1000 9765 9542 97531/9125 8935]. 8751] $573; 8403} 82390 80810 7929 
' 1 | 9996| 9761] 9539} 9327] 9125] 8932] 86480 35709] 8400| 8236| 80780 7526 
| 2 | 9992] 9757 95350 9323 9122] 8429] 8745] 85671 8397 8234 $076| 7924 
| 3 | 9988 9754 9532| 9320! 9119 8926| 8742] 8565 8395 '$231 8073 7921; 
' 4 | 9934] 9759| 9528] 9317] 9115 8923] 8739| $562] $392| 8228|-8071| 7919 
5 9989 9746| 9324/93730 9112] 8920 8736| 8559 8389 8225 8068 7916 
6 | 9976} 9742 9521] 9318 9199] 8917 8733] 85560 8386] 8223} 8066 7914 
j| 7 | 9972] 9738] 9517] 9306 9105] 8913] 8730| 8553] 83830 8229] 8063 7948) 
8 | 9908| 9735| 9513] 9303] 9102| 8910| 8727 8550] 83810 8217 8060 790g 
q|_9 |_9994|_9732| 9519] 9300| 9099] 8907| 8724} 8547] 337% 8215] 8058] 790b| 
10 | 9960| 9727] 9506] 9296 gogE| 8984 8721] 8544] 8375| 7272 8055 7904 
11 | 9956| 9723] 9503] 9293] 9092 8901] 8718] 8541] 8372| 8209 $053] 7901 
12 | 9952| 9720| 9499] 9289 g089[.8398| 8715 8539} 8370 8207 8050 7899 
13 9943] 9716} 9495] 9286 9086 8895 8712] 8536 8367 8204 8047 7355 
149944 9712} 9492] 9282] 9082] 8897 8709 8533] 8364 S202 8045 7894. 
15 | 9940] 97088 9488] 9279} 9079] 88880 8706] $53.| 8367 8199 8043 7801 
16 9936 9704] 9485 9276] 9072] 8885] 8703| 8527] 8358] 8196] 8040] 7889 
17 | 9932] 9701| 9431] 9272] 9073] 8882| 8700| 8524| 3356 S194. 8037 7886 
18 | 9928| 9697] 9478] 9269] 9079] 8879 8607 8522] 8357 8191 8635! 7884 
19 9924 9693 9474]. 9265] 90665] 88768 8694] 8519] 8350] S188} 8032| 7881 
20 992 968g] 9470 9262] 9063] 8573] 8691] 8516] 8347] 51860 $030} 7879 
21 | 9916| 9696! 9467 9259] 9060 375 8688 $515] 8345 81830 8027 7877 
| 22 | 9912 9682 9463] 9255] 9066 8867 8685 85ro| $342| $180} 8024] 7874 
239908] 9678] 9460 9252] 9053] 8864 86820 850% 83390 8158] $022| 7872 
| 24 9905] 9075] 9456] 9245] 9050 2861] 8679] 8504] 8335 $175 ga 7869.0 
' 25 | 9991] 9671] 9453] 9245] 9047 8857] 86760 8.01] 8334852 8017 7867 
269897 9667 9449 9242] 9044 8854 8673 8498] 8351] 817c| $914] 7864 
| 27 9893 9664 9446 9238 9041] 8851] 8670| 8496] 8328 8167 8512] 7862 
28 9889] 9660 9442] 9233] 9037] 8848] 8667] 8493] 83266 87640 399% 7859 
29 | 9885] 9656] 9439] 9231] 9034 3845] 8664| 849-| 8323|-8162| 8007 7857 
30 | 9381] 9652 9435] 9228] 9031] 8842] 8661} $487] 320 8159] So 7855 
31 | 9377] 964] 9431] 9225 9027 8839] 8658 8484] 8317 8157] $002! 7852 
32 | 9873] 9645] 9428] 9221] 9024 8836| 86550 8481] 8315 8154] 7999] 7849 
339869 9641 94250 9218] 9021 8833] 8652] 84790 $312| 8152 7997 7 $471 
3495865 9637 9421] 9215 9018 8830| 8649 8476| $309] 8149 7994 7844 
35 0361] 9634} 9417] 9217] 9075 8827 8646 9473] 8306 $146 7991 7842 
35 98 58 9630 9414] 9208] 9012 8824] 8643] $470 8304 8144 7987/7840 
37 } 9554] 9626 9410] 9205 9008] 88200 8648467 DIJON, 814.1] 7906] 7837; 
| 38 | 9859] 9623] 9497] 9207 goo;| 8877 8637] 8464] 2298] $132} 7984} 7835 
| 39 9846 9619 9404]. 9198] gooz} £814] $635| $462| 82960 813 7287 2532 b 
409842] 9615 9400 9195 899g] 88110 86320 $459] 82930 8133 7979} 7830 
41 9838] 95120 9396 9191] 8995 $808] 8629 84560 829 ( 81360 79760 7827 
42 9834! 9608 9393 9188] 8992 8805818628 8452 82880 81280 7974 7825 
43 9835] 9604 938/9185 $989! 8802 $623] 845% 82850 8125) 797 5 
| 44 | 4826] 9601 9586} 9181 8986] $799] 8620 8445] 8282 $122! 7969 | 
| 45 | 9823] 9597] 9383] 91738] 8983] 8796] 8617] $445] $279] $120! 7964 
| «6 | 9819] 9593] 9379] 9175] 3980) $793] 3614] 8:42] 8277 $117 796. 
| 47 | 9B15| 9590 9375] 917711: 8976] 3796 3611] 8439] $274] 81150 7961 
' 48 | 9811] 9586 9372] 916L| 8973 8787] 8608] $437] 8277) $112] 7959 
1 9897 9582 93680 5165 8970] 3784] 8605] 8434 5268 8105 79 
$2 | 9803] 9575] 9365 9151j, 8967] 8781] 8602] $4.31] 825 8107/ 7954 
9800 9575] 9362 9158 8964] 8778] $599] $428] 826; $104! 7951 
529796 9571] 9358] 9155] 8960] 8775] $536] 8425 9260 8102 7949 
33 | 9792} 9508 9355] 9151] 3957] 877 8593} 8422] 8253] 8699] 7946 
5+ 9788 9564 9351] 914% 3454} 870% 85% 8420Þ 82550 80g7] 7944 
55 | 9784] 9560] 9348] 9145] 8957/37 3538] 8417] 8252] $594) 7941 
56 9789 9557 9344] 9141] 8948 8763 3585 8414 8250 5897 7939 
5 9777 553 9341] 91381 8945] 576 8582 841 824 Song! 7936 
| 3* 1 9773; 9549] 9337] 9135] 8942 8757 8579 8408] 8244 8086/67935 
2 j 9709} 954% 9334] 9132| 8938} 3754| $576} 8426] 8242 $984) 7931 
80 9765 95421 9331 9128 89350 8751 85731 8423! 32391 803117929 
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TaBLE IX. PRoPoRTIONAL LoGARITHMS, 


— 
J T4 1h + 
8. 0 30% 31 O 320 33 22:41 %% 350 36/10? 
o 77820 763 | 7501| 7368 7238| 7112] 6990 
1 | 7779] 763, 7499] 7365 7236| 7110 6988 
27776 763:| 7496 3363| 7234| 7103] 6986 
377747632 7494] 7361 7232| 7106 6984 
4 | 7772] 763 | 7492] 7359} 7229] 7104| 6982 
5 7769 7627| 745c| 7356| 7227 7102] 6980 
6 | 7767| 762 7488 73-4| 7225| 7100] 6978| + 
7 | 7764| 762 7485| 7352 7223] 7097} 6976| 6857] 6741] 6629] 6519 
8 7762 762 | 7:83] 7:50] 7221] 7095] 6974 6855) 6739] 6627] 6517 
9 | 7760| 7618 7481] 7348} 72719 7e93] 6972| 9853] 5738] 66:5] 6516 
107757 7610] 7478] 7445| 7216] 7091] 697 6851] 6736| 6523 6514] 
11 | 7755| 7613] 7476| 73430 7214| 7089| 6963| 6849] 67340 6621| 6512 
127753 7611 7474] 7341] 721207087 6966 847 6732] 6620] 6510 
13 | 7750] 76c9| 7472] 7339] 7210] 7085 6964} 6845 6730| 6618] 6508 
14 | 7743] 7606] 7469] 7337] 72080 7083] 6962| 68430 6728| 66160 6507 
15 7745 7604] 7467] 7335] 7206| 7081] 6960 6841] 6726| 6614| 6505 
16 | 7743! 7602 7465] 7332 7204 7079| 6958] 6839 6724| 6612] 6503 
17 | 774- 759: | 7493] 7339] 7202| 7077| 6956| 6837] 6722| 661c| 6501 
18 7738 7597] 7461| 7328| 7290| 7075] 6954 68360 6721] 6609 6500 
19 773 7595] 7459] 7320 2197 7073|_6952| 5534 249 6607] 6498 
20 | 7733] 7592] 7456] 7327195 7071] 6950| 6832 6717 6605] 6496 
21 | 7731] 7599] 7454] 7322 7193| 7969| 6948 6830] 6715] 6603] 6494 
22 | 7729| 758.7452 731! 7191] 7067 6946| 68280 6713] 6601] 6492 
23 | 7726| 7556| 7449] 7317] 719 70630 6944] 6826] 6711] 6599 6490 
24 | 7724) 7533] 7447] 7315] 7187 7065 6942] 6824| 6709] 6598] 6489 
25 | 7721| 7581] 7445] 73130 7185 7061 6940 6822| 6707] 6596 6487 
26 | 7719| 7579] 7443] 7311] 7183 7059 6938] 6820] 6705 65944 6485 
27 \ 7717] 7577 7441] 730% 71811 70571 6936| 6818] 6704| 6592| 6484 
28 | 7714\ 7574] 743*] 7396| 7179] 7054] 6934| 5816] 6702| 6590 6482 
4 29 | 7772] 75721] 743%] 73094] 7177 7052 6932 68 14] 6700] 6588| 6480 
30 | 7710] 75701. 7434] 7302] 7175| 7050| 69300 6812 6698] 6587], $478 
74.31] * 2| 7048 6923] 6810] 66960 6585] 6476 
7046} 6926| 6808] 6694} 6583} 6474 
7044 6924| 6807] 6592 6581] 6473 
| 7042| 6922| 6804] 0690] 6579] 6471 
7040 6920| 6803] 6689] 6577] 6469 
7038 6918| 6801] 6687| 6576| 6467 
70300 6916| 6799 568 5 6574 6465 
703406914 6797] 66830 6572 6464 
7032 6912 6795| 668106570 6462 
70300 69100 6793] 6679 6568 6460 
7028 6908] 6791] 6677 6566 6458 
7026 6906 6789 6676 6565 6457 
7024 6904 6787] 6674] 6563] 6455 
7022 6902 6785| 6676| 6561] 6453 
7020 6900 6784] 66700 6559| 6451 
7018] 6893| 6782] 6668] 6557] 6449 
70160 6896| 6780| 6966] 6556] 6448 
7014| 6894} 67780 6664] 6554| 6446 
7012068920 6776| 6662| 65 521 6444 
70100 6890] 6774} 6660 65500 6442 
7008] 68880 6772 6659 6548 6441 
70060 6886 6770] 6657 6546 6439 
7004] 6884 6763} 6655 6545 6437 
7002 $382] 67660 6653 6543] 6435 
7005] 6880| 6764] 6651] 6541] 6434 
6993] 6878| 6762 _ 6539 6432 
6996| 6877] 6761] 6648| 6538| 6430 
6994} 6375] b759] 5646 6536 6428 
6992] 6873 6757] 6644 6534] 6426 
699006 871] 6755| 6642 6532] 6425 
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* _ Feb. [March April May | June | July 1 Sept, | Oct. 
= [South South South North North [North North North] North [South > 
8 | BE 0s N 

ICS” is *1n „„ „ 
1 23. 477.177. 49 | 4.17 14. 52 21. 58023. 11018. 148.34 | 2+55 1 
2 22.59]17.00[7-27 440015, 10%. 623. 717.9812 3.18 : 
3 [22.54[16.42|7+ 4. | 5. 3[15.28|22.14[23+ 317.447. 50 | 3-41 
4 22.4816. 256. 41 | 5. 26015. 4622. 2222. 5817. 287.28 | 4. 5 I 
5 22.4216. 710-18 | 5.49116. 322.2922. 53017. 127. 6 | 4-28 
6 [22.35|15-49]5-55 6. 12 16.2122. 36022. 4816. 566.44 | 4+51 1 
7 122.23|15.3c|$+31 6. 3516. 38022. 42022. 42016. 396.21 514 7 
8 22. 20015. 11[5. 8 57016. 5422. 48022. 35016. 235.59 | 5+37 8 
9 22. 1214. 5204.45 7. 20017. 10022. 53] 22.2916. 615.36 | 6. © 9 
10 22. 414. 3304-21 [42017272 58022. 2215. 4805-14 | 6-23 0 
11 21.55/14. 143.58 | 8. 417 42[23. 3022. 1415310451 | 6.46 11 
12 21. 46013. 543.34 8.2607. 58023. 7/22. 6015. 134.28 | 7. 9 12 
13 |[21.36113/ 3413-11 8.4818. 13/23.110 21.580714. 55[4. 5 | 7-31 13 
14 (21.26013.14/¼z·47 9.10018. 280 23.15] 21.4914. 373 42 | 7+54 14 
15 21.115012. 542.23 | 9.31 18.4223. 180] 21.40/14. 1803.19 8.16 15 
16 21. 412.332 · 00 9.53 18.57 23.21] 21.31 14. O02. 565 8.38 16 
17 20. 53012 12[T. 36 10. 1419.112323 21.21J13•·41/2z.33 | 9+ 2 17 
18 20.4101. 610112 10. 3519. 243. 25/21. 11013222. 9 | 9+23 18 
19 20. 2811. 3000. 49 [10.56[19, 37/23.26[21. 113. 211.46 | 9-45 19 
20 20. 16011. 9%. 25 1. 17/19. 50/3. 27/20. 50012. 431.23 10» 6 00 
21 fa. 3110.47j0- 1 [11.38|20. 323.2820. 3912. 2300. 59 10. 28 21 
22 19. 5010. 25% · 22N Cr 1. 58120. 15/23. 28020. 27]12. 300. 36 10 49 22 
23 19. 36010. 49-46 fla. 18020. 2723. 28020. 15¼11 4300. 13 [1.11 23 
24 19.229.421. 10 rz. 38020. 3923.27] 20. 3011. 2300. 118 [11.32 24 
29 7] 9-1911.33 (12.5802. 503.2619 51JU1I. 210.34 11.53 1 
26 18.52 8.5771. 57 13. 18021. 123.2519. 38 10. 4100. 58 12. 14 26 
27 18.37] 8.35/2. 20 3.371. 11023. 2319.2 510. 2001.21 [12.34 25 
28 18.220 8. 122.44 13. 56021. 2123. 20019. 110 9. 5901.45 12.54 28 
29 18. 6 J3. 7 14. 151.3123. 18018. 57 9.3802. 8 13.15 29 
12. 50 31 [14+ 34[21-47/23-15 18.43 9.17.31 13.35 30 
31 17.34 3.54 21.50 18.29 8.551% . 5 Fa 13 
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OF THE 
SUN's DECLINATION, 
For the YEARS 1804, 1808, 1812, 1816, ? 
Each being Leap- Years. 
Jan. Feb . April May June | July | Aug. | Sept. Oct. 1 Dec. 
0 
8 South South South |North [North North North {North | North [South [5outh "i 

| 8 | 1 

„% „% ;; 
4 : 23. 5117.211/7+-32 | 4+35 22. 4123» 8018. 318.17 3.12 142927. 57 
53 2 23. 117. 47. 9 4738 22.12/23, 417.477. 53 | 3-36114-48[22.00 
2 3 22.55 16.476.46 | $+21 22. 20022. 59/17. 327.33 3.59/15. 7122. 9 
Wis 4 22.5016. 296.23 | 5-44 22.27|22.54|17-16j7.11 | 4+22]15-25122.17 
19] 5 22.4416. 116. 0 | 6. 6 22.3422. 49170006. 49 | 4 45]15+44[22-25 
20 6 22.3715. 5305.37 | 6-29 22. 40022. 430106. 43 65.27 5. 916. 222.32 
* 7 122. 30015. 3505.14 | 6.52 22.4622. 37016. 276. 4 53216. 202. 39 
«411 8 22.22 15.16064.50 | 7.14 22.52[22.30j16.10|5.42 5.55 16.372245 
U 9 22.1414. 574.27 | 7-37 22.57/22. 23015. 525. 19 6.18/16. 22.1 
+53] 10 j22. 614.3804. 3 | 7-59 22. 222. 16015. 354.56 | 0.40j17+12[22.57 
. 8 11 21.5714. 1803.40 8.217 23. 6022. 315.174.332 [7 317.2823. 2 
3 12 21.4813. 5903.16 8.43 23.100 22. 0/14. 59/4. 117. 26017·45ʃ23. 7 
. 3 13 21. 38113. 392.53 9. 5 23+ 14/21. 51114.4113-47 7.48 18. 1123.11 
* 14 21.2813. 1902.29 | 9.26 23.17z1.420(14. 233.24 [8.1118. 1723.75 
L 15 21.1801. 582 5 | 9.43 23.20/21. 33|14. 43. 18.338.323 18 
10 16 21. 712. 381.42 10. 9 23.2221. 24013.45/2.38 8.5 5/18. 4723.21 
4 17 20. 55/12. 17/1. 13 [10.30 23.2421. 1413.260215 9.1719. 2123.23 
jo24f 18 20. 4411.56. 54 [10.51 23.2621. 3013. 71.52 939/9162325 
3-26] 19 20. 3111.350031 11.12 23.27/20. 52012. 4801.28 10. 1019.3/ 23.26 
E 20 2019011. 140. 78. 11. 33020. O3. 2820. 41012-2801. 5 jIO.23119-44[23.27 
3-20} 21 |20, 6/10. 520. 17N. 11 3 23. 28020. 30012. 8 0.42 10.44 19. 5823.28 
;-2 22 19.53/10. 310.40 [12.13 23. 28020. 18011. 4800. 18 N. 11. 5½0. 11023. 28 
. 25 | 23 19. 39010. gfl. 4 [12.33 23. 2720. 6|11.28j0, 58.11.2720. 2323.27 
5.74 119.250 9.47 1.28 [12-53 23.2619. 54/11. 710.29 11. 48020. 36|23.26 
3-20} | 25 [19-11] 9.25|I.5T- 3.13/20. 58023. 25070. 41010. 460. 52 12. 8 2048 23.25 
325 26 8.500 9. 32.15 173.3221. 923.23 19.2810. 2661.15 12.29/20. 5923.23 
3˙27 27 18.41 8.4. 38 13.55 21. 190/23. 2119. 1410. $11.39 12.4921. 1023.2 
* 28 18.26 8.1803. 2 14. 1121.2902 3.18019. 109 43/2. 2 13.1001. 2123.18 
3. 74 29 [18.10] 7.55 3 14.2902 1.38023. 1518.47 9. 222.26 13.301.310 23.15 
4 39 [17-54 3.48 [14.4$]21.47]23-12|18.32| 9+ 102.49 13.500 21.41/23 11 
* 11 177.38 4.11 | 21. 560, 13.13] 8.439 4+ 9| 23.7 
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OF THE 


8 UN's DECLINATION, 


For the YEars 1805, 1809, 1812, 1917, 


Being the Firſt after Leap Year. 


ö 8 - ; b | | | | 
{| Jas. Feb. March April} May | June | July 1 Sept. Oct. Nov. Dec, 
| 1 

- : {South {South | South |North{North [North North [North | North South [South [South 
oils fc ifs fie ee eJo Jo efe 7 „„ 

1 23. 217. 87.38 | 4.29115. 222. 323.5 18. 68.23 3. 714242140 

2 22.5716. 5107.15 | 4+ 52[15-20/22.11123. 517. 518. 13. 20014.43 21.50 
3 [22-51]16.33]6.52 | 515115. 38j22.18[23. 17.367 .39 3.53/15. 2226 
4 22.45/16. 1606.29 5.38018. 5422.25 22.5617. 20717 | 4.16j15,21/22-1; 

5 22.3876. 686. 6 6. 116. 1222.32 22. 5007. 45.55 4.40 5.22225 

6 22.3215. 395˙43 6. 2416.22. 39/22. 4416.47 6.32 5. 3/15. 5722.30 
7 22.2415. 2105.19 6.466. 46022. 45/22. 38016. 3106. 10 5.2616. 1522.37 

8 22.1615. 24.56 7. 97. 322.5102. 32016. 145.47 5 4916.332240 
9 [22. 814.434.323 7.31077. 1922. 56022. 2515. 575. 25 6. 1216. 502. 5 
10 1 55|14-2314+ 9 87530173823. 12.180156. 4005 2 6.35/17. 722. 0 
11 21. 5014. 413-46 k; 8.16067. 5003. 5/22. 10015. 224.39 6.57%½17.24 23. 
14 [21.41/13-44|[3-22 | 3.38[18. 6123. 922. 215. 44.16 | 7.20 17.4123. 6 
13 [21-31[13.24j2-59 3.59 I8.21123-13}21+54/14-4613-53 | 7-43[17..57123-10 
14 121.20{13- 412-35 9.21/18 36023160 21.45ʃ/14 2803. 30 8. 8018.132314 
15 271. 9 12.430221 9.43018. 50/23-19]2T.36{14. 9. 7 8. 2718.28 23.17 
10 r 582 220.48 0. 4/19. 4/23 220 1. 203. 50. 44 8. 5018.432320 
17 20.4712. 11.24 10. 25/19. 18023. 2421.160133 (2.21 | 9.12113. 5823-23 
„ 18 a0. 31.4001. 0 10. 46019. 3723.25 21. 6113. 12|1.57 | 9.34 19.1323˙23 
19 20,2011. 190. 36 ff. 719.4423. 270. 55/12. 534 9567927 3·25 
20 20. 910. 880.1351123. 573.270.442.331 11 101719412127 
2 19. 50/10. 3600. IN. 1. 4820. 923. 28020. 33/12: 1300. 47 10. 3919.54 23˙20 
22 19.43/10. 1440 35 12. 920. 21023. 2820. 211. 530. 24 ff. 20. 8320 
23 [19.29] 9. 520. 58 12. 29020. 3323.27 20. 9 1. 32%. IN. 11. 2120. 20232 
24 19.14 9.30122 12.4920. 4523. 2719. 57011. 120. 238.11. 42020.3323˙ 27 
25 19. of 9. 81.45 13. 820. 5623. 2519441. 51. 46 12. 3020425 
26 8.45 9.462. 9 3.28021. 623.2419. 3110. 311. 10 12 24/20. 56 23-24 
"27 18. 30] 8.23 2.33 13.41. 17/23. 2219. 18010. 1001. 33 12.4427. $123.21 
-- 28 [18.14] 8. 0j2.506 4. 6[21.26/23.10}19. 4| 9.49[2.57 13. 5[21,18/23+19 
29 17 58 3.19 14.2501. 36 5 9.27 2.20 [13.25|21.29/23*1) 
30 12-44]. 43.43 14-42 21.482213 18,36 . 612443 113.45 21.392. 
i 31 17 25 . 6 | ; 21.54 18.27 8.44 14. 4 23. 
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* - : + : h « 0 
2; 85 Toe; | March Ave May | June | Jaly Fs Sept. Oct. Nov. 
th ; PSouth eo orth North [North North North North [South South 
: | | Q / 0 7 0 / (1 / 0 / © 7 0 od Q 7 0 F 7 2 | ” 7 
* 1 23. 3017.12 7.43 4.2414. 5722. C3. 10018. 10 8. 28 3. 114.19 
II 2 |22.58[16.55|7.20 4.475102. 958. 6.17.5808. 6 | 3.24|14+38 
— 3 22. 52016. 3806.58 5-10j15. 33122. 160232 2|17« 3917 +44 34801457 
i | 4 22. 46016. 2010.35 $.33115.51122.24|22+57 5.5155 4.1115. 16 
— + 5 22.4016. 216.12 5.55 16. 8022.31 22.5217. 87. 0 4+ 24|15+ 35 
+30 | 6 [22.33|15+44!5-48 | 0-18|16-25|22.37|22-46|16. 5116.38 | 4+57/x5- 53 
57 7 22.26/15. 255. 25 | 6.4716. 42022. 442. 40016. 3506. 15 ¼ 520/16. 11 
64 8 22. 18075. 6/5. 2 | 7+ 316. 502.492.3316. 1805.53 | 5-43/16.2% 
5 9 122-1C|14,4714+ 38 7.26[17.15122.55|22-27|16. 15.50 6. 16. 46 
2 10 22. 114.2806415 7..48 17.37/23. o|22+19|15+44 8 6.29 17. 3 
6 | 11 21.52 14. 813-51 8. 10 17.47/Zz3. 42212 15.260444 | 6.52 19420 
od 12 |\21.43[13, 4913.28 8.3218. 2123. 9/22+ 415. $14.22 . | 7.15117, 37 
7 | I4 [21.23[13. 82.41 9.16119. 3223. 162 1.4714. 323.36 8. 18. 9 
11 18 [21.12112.4%2.17 | 9+37j18.46[23.15/21.38|14+« 13]3.12 $.22|18.25 
= | . x 12.27 1.57 9.59/19 0023.21 21. 2801384. 49 8.4418. 40 
8 f 17 20. 49 12. 6 1.29 10.20 19.14 23.23 21.18 13.36 2. 26 9 7 18.55 
i | 18 20.37 11.4501 6 18.41 19.28 23.2521. 8 13.16 2 3 9+2G;19, 0 
1 19 20.25/11. 240.42 [I. 219.4102320 20. 58012. 571. 40 9.50[19.24 
4 2 20.1211. 300. 188 [1T7.243[19. 54[23-27j20-47|12.37 1. 16 ro. 1219. 38 
NJ | 21 19. 59/1, 410: SN [11+43/20. 6123.28 20. 36012. 17/0. 53 10.34/1951 
27 22 [19.46 10. 190.29 Zz. 420.19 23.2802. 24/1. 37. 30 0. 5529. 5 
17 23 19.320 9. 680. 53 (T2. 2420. 3023. 27 20. 1411. 37%. . 6N|11. 16/20: 17 
8 24 19.18 8.35 . 12.44 20. 422327 20. 11.17 0. 178 {11+ J7j/20+ 30 
Ft 25 [19.'3] $.13}1-40 13. 420. 53 23.261947 1. 56%. 41 1. $8120.42 
2 —— —u— — — — — 
7 5 [18.48] 8.5172. 3 [13+23]21- 4/23-24/19+34|r0.36jl- 4 [I2»19120+«54 
19 7 [13.39 $.29|[2.27 13.42 2114 23˙2219˙2ʃ 10. 1]. 28 12. 40021. 5 
15 8 38 8. 602. 50 14. 12 . 24.23.2019. 7954/1. 51 13. [21.16 
1 p 18. - 7 3.14 [14.20 21. 3423-17 18. 55] 9.32 4.14; 13-20/21.26 
7 0 285, 3.37 [14+ 39[21.4323+14j13.14| 9.1112.38 [13-40/21.37 
; jt 17.29 4. ee 18.251 8. 50 14. of 
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6 2235/15. 485. 54 [6.13]16. 2122. 3622.47 16.55.43 | 4+5215-49122+2) | 
7 22. 28015. 3005. 31 6.35/16. 380224222. 4716. 3906. 20 5.1515. 7122434 k 

8 22. 20015. 115. 7 6. 58/16. 5522.482235 16. 225.58 | 5+30 16. 2422.41 | 

| 9 22.1214. 521444 7.20017. 1122.532228 16. 55.35 6. 1er e 
10 gz2. 314.3304. 20 7.43 17.2722. 59%22.2101 5.4806. 13 6.24 16.5922. | 
I 21. 54014. 133.57 | 8. 577433. 322.1415. 300. 5% 6.4% 7. 1622.8 

12 21.4013. 53 3.33 8.2717. 58023. 8022. 6/15. 124.27 7. 917.333. 

13 1.35/13. 3 303.10 8.4918. 1323.711021. 58014. 544. 4 | 7+32177-49]23: 3| 

14 21.250(13.13 2.46 | 9.11118.28|23-15121-49|I4+ 3613.41 7.5418. 5123-12 
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OF THE 

5 SUN'%s DECLINATION, 


Br the Years 1807, 1811, 1815, 1819, 


| Being the Third after Leap-Vear. 
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| | Jan. Feb. arch | Apet May on July | Aug. Sept. Oct. Nov. Dec. 
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South South | South: [North North Nortn North North] North South South Sou 


| Days, 
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C fo. xn ec . 7/10 7 
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1 23. 4017.160749 | 4.18/14. 5321 .58/23.1118.13/8.33 | 2-56|14+ 1512144 | 

2 122.59 16.59 7.20 4+41][15.17}22+. 7123+. 7 I7.58 3.11 3.19 14 3421.5 

3 22.54 16.427. 3 5. 4J15.290z2.150¼Kz3. 3/17. 43/7 +49 34214. 53122. 3 | 
4 22.48 16.24 6.40 5.271547 22.22 22.58 17.277.27 4. 51512 275 
5 22 4216. 6617 5.50016. 422.2922. 5317117 5 | 4+25|15+ 3022-19 | 


15 [21.15|12.53|2-23 | 9.32118.43[23-18|21-40j14.1813.18 | 8.17 1852112310 | 
10 21. 3112.32 1.59 9.54/18. 57 23.210 21.3113. 5902.55 8.39 18.363.110 
# 17 420, 52012. 111.35 10. 15019. 11023. 2302 1.2113. 400. 32 | 9+ 118.123.214 
18 20. 40011. 50. 12 10. 3619.25023.25½1. 11132102 9 | 97˙23 19. 6ſ23˙24 
0 
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19 20, 280U11. 290. 48 10.5719. 38/23. 26021. C13. 21.45 9.451920 23-23 | 
20 20. 511. $10.24 |11.18\19.51123-27129-49|12.42j1.22 [To. 7419+ 3423-71 
10.46jo. 08. 11. 38 20. 323. 28 20. 39012. 220 59% [10.28|19+48|23+7 
22 19.4910. 250. 23N11. 59/20. 10 23-39 20.2712. 210.35 0. 50%½ 0. 15 
23 119.3511080. 30.47 12.192027 23.28 20.15 11.42 O. IzN ITI. 1120 · 14 3 
| | 941/0111 12. 3920. 3923. 27/20. 311.2200. 128 11.32 20.27 75 

25 19. 7] 9.1911. 34 12. 59/20. 5023.206019. 50011. 10.35 1.53 20.392 
26 18.52 8. 56/1. 58 13.1821. 123. 24019. 3710. 4100. 58 12.140513 
27 18.37 8. 342.21 [13.3802 1. 1223. 23019. 2410. 2001.22 12.35/21“ 2123-5” 
28 18.21 8.11.45 13.571.223. 20019-1110 9.91.45 12.552113 
29 18. 60 3. 8 [14.16|21.31j23.18113.57] 9.37 2. 9 13.151.293 
- 14.3421. 4023. 1418.43 9.16|2.32 [13+35|21- 34/232 | 
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So | - 
April | May | June | July avg. | Oct. Nov. | Dec. 
North [North [North North North South [South | South 
4.51j15.18122.T0[23e $[17.53 | 3+28]14.41|2I+ 57 
5.1415. 36[22. 17123. 1117-37 Je51ji5. 22. 6 
5.36675•53—2.25ʃ22.56067721 4.15015•.19/22.14 
5.5916. 11122. 3222. 50017. 5 4+ 38[15.37]22.22 
6.22016. 28022. 38022. 45/1649 5. 11546622. 30 
6. 4516.442244 22.3816. 33 5.24/16. 1422.37 
7. 717. 125002232 16.16 5. 4716.31022.43 
730017. 1722552226159 6. 10016. 4922.49 
7.52]17.33}23- 22.801541 6.33/17. 6022.55 
8.14/17.49ʃ½z3. 52211/1524 6.5517. 2323. 
8.36018. 4/23. 922. 3/15. 6 7.18017. 39123. 5 
8 58118. 19|23-13]21- 5401448 7.41017. 5623.10 
9.1918. 3423. 16021. 45/1429 8. 318.1123. 4 
9-41118,48[23. 19/21. 3001411 8.250(18.27 23. 17 
10. 219 2j23.21|21.27|13-$2 8.48018. 4223. 20 
10. 2319.162323 21. 1713.33 9. 10018. 5723.22 
I0.44j19. JOj2J-25|2Ie 73.14 9.32|19. 12|2J+-24 
11. 5019 42023. 2720.560612. 54 9.54/19 26023. 26 
11.260619. 56023. 2720. 4512. 3401. 19. 15\19-40123+27 
11. 46020. 8123 28020. 34/12. 15/0. 10. 3719.542328 
12. 6/20. 20023. 28020. 2211.55 10. 5820. 6123.28. 
12.2720. 3223. 27/29. 1001134 11.2229. 19/23. 27 
12. 4720.431023. 2719. 58/1114 11. 40020. 32023. 27 
13. 6/20. 5423. 2519. 45/10. 5319 12. 120. 44/23. 26 
13.2621. 523.2419. 3210. 32 12.2220. 55023. 24 
13.45ʃ(21.15]23. 2219.191012 12.431. 72322 
14. 52125231919. 5 9+50 13. 321-1802329 
14.23j21.35}23+16|18.51) 9-29 13+23[21.25123. 16 
14+-41121.44123-13}18. 37) 9. 8 13+ 43121. 38}23.12 
15. -121-55123. 918.230 8.46 14. 22 1.48023. 8 
122. 4 118. $i 8.244 48.0 
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SUN's DECLINATION, 


FAR 
ab ov be 
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For the Year 17 98. 


* 4 8 * 
_ 3 — Mr. 
—_— 
Y * >. 


13 : ; EY . . 
17 Being the ſecond after IJ eap- Year, | 
— — 2 
. 5 : ; : | [ | | ; | | | N 
Jan. Feb. [March April] May] June July | Aug. | Sept. Oct. Nov. be. | 
7 1 ED — i oolweet 
A | | „ ä 
3outh [South | outh North North [North North North] North [South South South 
1 | 22. 58 16.57 7.23 4.4415. 14422. 8023. 6 17.56 8. 8 3.22014.37 1.65 
2 22. 53/16. 3007 5. 715. 31022. 1623. 217.417. 46 3.46014. 56022. 4 
3 22.47/16. 2105.37 [53001549 z2. 23022. 5717 · 2807.24 | 4+ g{15+14/22 1 : 
4 22.41/16. 316.14 553016. 06022. 30022. 5217. 97. 2 4.32015. 3322.20 
5 122.34|15-45]5+51 | 5.16/16. 24]22.37]22.46[16.53 6.40 | 4+55|15-51/22-2 
6 22 2715275. 27 | 6+39116.4c}22.43122-41[16.37|0.17 |.5-18|16. 9/22.35 | 
7 [22.19]15+ 815. 4 | 7+ 1j16-57122.44[22-34|16.2c}5.55 | 5-41j16. 27122442. | 
8 [22.11114-45[4-40 | 7-24[17-13]22.54[22-27|16. 3[5. 32 | 6. 4116.45122.45 | 
9 (22. 2114. 30[4.17, | 7 46[17+29]22.5:122.2c}15.45)5. 9 | 6.2717. 2122-54 | 
10 [21. 53/14 1003-54 8. 817.4523. 4:2 13 15. 2804.47 | 6-50 17.1922. 8) 
11 74 3. 5003. 30 | $.3c|i8. 1023. 722. c|15.T0j4.24 | 7.137.393. 4 
12 21.3413. 3003. 6 [ 8.5218. 16023 12021. 5714. 524. 17.35/77. 51123» 8 
13 21.2413. 102. 43 [9.14/18 30023. 15027. 48014. 3413.38 7.58018. 7123-13 
14 21. 13/12. 500. 19 9.350(18. 45/23. 18021. 3914. 1503. 15 8. 20018. 2623.16 
157 21. 212.291. 55 | 957 I8.59123.21 21.29]13« 5612.52 8.43 18.3003.19 | 
16 20, 5/12. 8[1.32 10. 1919. 13023. 2302 T. 20013. 37/28 | 9. 418. 5323-22 | 
17 20.3811. 471. 8 10. 3919.260023. 25021. 13 1802. 6 | 9.26/19. 802324 N 
18 20 26/11. 2600. 44 [II. 19. 40023. 26020. 5c 12.59/1.42 9.48 19.22 23.20 | 0 
19 20. 131. 5-21 11. 21/19. 52 23-27120.48[12. 35 1.18 10. 10019. 3623.27 
20 20. 10/10 42ſ0. 3N 11.41 20.09 23-28 20.37|[12.20]9.55 10. 3219. 5003 2) | 
- 21 |i9.47]i0.-21[0.27 12. 220. 123. 28020. 25012. 5.32 10.53 20. 2/2142 | 
22 9.330. fo. 50 12. 22202923. 2829. 1311. 4000. 9 11.15 20. 162320 | 
23 19.19 9 37 1.14 12.42 20.41 23227 10. 111. 1519. 158. 11.36 20.292327 I 
24. 19+ 5] 9-1611.37 [13- 2120. 52 23-26119.4% 10. 5910.39 [11.56 20.41 23-25 | 
25 118 5c] 8.53/22 1 [13-21121, 3[23.24}19 360/10. 3801. 2 [12.17 20. 632324 
—— — 1 — — — — — — — — — — »*—— —_—— 
'26 [18.35 8.37 2.2 13-421 13123-22119-22[10, 17j1,25 [12.38 21. 423:2? 
27 8. 19 8. 82.48 13.521.233. 20019. gf 9. 56061.49 12.58 21.1523˙2 
g 28 8. 37. 453.11 4.18021. 3323. 17/18. 55] 9. 340. 12 13.18 21262317 9. 
29 117-47 3+35 [14+ 37j21.45]23- 14113 .41 9-13 2.36 13.38 21.3623-13 85 
30117030 3-53 _ 14.5821. 51 3.1918. 26 522.59 13.58 21.45 23 9 | 
| 1 - | 117811 8. 30 „ 14.17 23.56 | 
; — 8 — — — 
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| Tan. XVIII. For reducing the Sun's Dzctin. in the N. A. for Noon at Ces 
do any other Time under that Merid. or to Noon nnder any other Merid, 


* +#K 


Ad. att, N. Sub. aft. N 
Sub. beſ. N. Adabef. N 
Add in W. Sub. in W. 
Sub, in E. Add in E. 
DV. 
pecemberz i Decem. 21 
| 20 22 N 
19 2300. © 
18 24 1 
17 25 I 
166 2600. 2 
15 27 2 
14 28. 3 
13 29 3 
2%] © $019 3 
; | 11 Decem. 31 4 
10% an 1 4 
gf. 240. 4 
75 400. 5 
+ £1 
e. s 
3] 8jo. 6 
. 
Decem. 1 10 
Novem. 30 11 
EE: 29 12 
28 13 
7 14 
26 1 5 
25 16 
24 17 
wy 25}: 
. 22 19 
> BY 20 
, 20 41 
19 22 
18] 3 
17 24 
16 25 
5 15 26 
1 ; 2 
oh of 
11} jan. 30 
9 Feb. 110. 
7 3 
5 5 
0 1 7.0. 
Nov, Ws 9 : 
Oct, 3- 11 
28 13 
26 15 
i + 17 
21 20 
18 23 
15 Feb. 26 
12 [March 1 
"2 4 
Ogober 3 101 
30 13 
f 27 1 
| | 24 19 
e 22 


E H. M H. M 
1. 4002 014. 20 


=| 5 
oe © 


9 0-0-0 0 
RR... oy o 5 
II WOK O ND » ww 5 


\O C9 00 ©0 
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T2 1.39 
I. 241.41 
1.271.442. 
129/140 
1.311. 412. 
21.51 
1.341. 53 
1. 54/2 
61. 55] 
371. 5602. 
5 1 5 5 
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1.38 
1.39 
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9.57 
D. 3719-4512 5251, 0 
9.390.459.5513 
0. 4100. 492.571. 6 
0. 420. 5100. 59]. 8 


1.57 


1.58ʃ2 
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Tas, XVIII. For reducing the Sun's DECLIN. as given in the N. A. for Noon at CRN REN. 
wife to any other Time under that Merid. or to Noon under any other Merid. 


| I Add aft. N. Sub. aft. NIU. M H. 1M. . 1. IH. Min Sub aft, NI Add af. N 
II Sub, bef. N. Add. bef. NI3. 013-2013.40|4- 4. 2004.20 © Add bef. NH Hub bef. N 
Add in W. TSud. in W 1 Sy 6 I _ ; Jub. in W. Add in V 
ä Anton 6.1452: 159P1552190P (95D 170D 175D ad in E.] Sub. in F. 
Pays. e MeS Ns. 2 . Me 8.88 3. Days Days. 
Decem, 210 Decem. 210. %. C2. Oo. OO, 9% 0. Of) 021 june {21 zune 
20 2200. 30. JO. 4/9. 4/O. 410. 5/9 Slam 20 
19 230. bio. 719. 80. 90. 9. 100. 1123 19 
18 240. 10/9. 1110. 1200. 1 o. 14. 15/0. 16024 18 
17 2519, 1300. 15/0. 160. 180. 19%. 200. 220 5 17 
16 260. 1610, 1800. 2009. 220. 240. 290. 2726 16 
15 7%. 2000. 2200. 240 2600. 2931 b. 3327 15 
14 2800. 2 50. 250. 280. 310. 34%. 360. 38028 14 
13 29.0. 2600. 290. 3: 9.25.38 . 4100. 4429 13 
42 3619-30192. 3300. 3600. 40 2.43 0. 4010. $0130 Jun 12 
Tall. 31.33% 370.4000. 44%. 48 . 5110.55) T July fr 
100 an. 119 300. 400. 440. 480. 530.57]. I 27 10 
5 200.390.440. 4800. 530. 57/1 2/1. 60 3 18 
4 36.430.480. 839.5771 20 71.110 4 8 
7 4%. 460. 4100. 5661. 101. 7.127.717] 5 T 
| 6 5[9+49/0-55]1. of. 60117171 22 6 65 
5 69. 520. 5801. 4/1. 1001 16½.22[1.27 7 5 
4 70.551. 101. 7/7. 14. 201 2601.32 8 4 
3 800.5801. 51. 111.1801. 241.311.379 3 | 
Decem. I 1/1 4j1-I2j1,1y]T-20fT.33j1-41;1 48/11 1 June 
4 Nov. 30 111. 71.15/1.23/1 30/1371 -45|I- $2)12 31 
i 29 1211.1 1. 1801.20 1.341. 42/1501 57 13 30 
28 13 1.1301 2211 3001.38 1.46 1. 54/2. 2114 29 
{ 27 14 1.16 I«e25[1.34j1-42 I. 50/1 5812. 7115 28 
26] 151115 1.281 37 1.4601.55½z 302.1216 27 
2 5 L 1661. 221.311. 40 1.49 1.592 812.17 17 20 
| 24 17|1.25f1+35 1.42|1.53/2-. 3]2-12j2.21|18 25 
2314 181. 28 1. 38 1.471.572 7 2.1602. 26 19 24 
| JJJJJJ%J%4%J%%C K 
: 1 2001.33/1•344/ 1.54/32 4½2•15½2 2512+ 35121 V 
| 201 211.360 1=471.57½ z. 82+ 1912+ 2912, 40022 21 
t 19 221.3915002. of2 11j2-22(2+ 33124423 20 | 
18 231.411. 53/2. 44215/226237 2.4824 19 ö 
5 24'\1-43|1.55]2.. 72. 1802302 47/2. 52025 18 | 
25|1.46|1.58[2.rToſ2.271}%+33j2+45[2. 56026 17 | 
261.4802. 1j2+.13]2.25{2+ 37|2+49}3J« 1027 16 | 
27/1 $112. 4/2. 1602. 2802-400 z. 5203. 5028 „ | 
28'1- 5412 712»Ig912.31(2+44/2+ 506 3- 9129 I4 | 
ran. 391.582.1102. 24a. 37 2-51 3-43. 177031 July 2 
Feb. 1{2+ 3217/2. 3002.43 z. 373 11/3. 244 2 Aug. [10 , 
32. 712-2112.35|[2.49|}3+ 3317031320 4 8 | 
52.1102. 25/2. 4002. 543 913-2313.35| 6 6 | 
712 -142+2 2.44/2.5%3.143 293.44] 8 4 | 
9:2-131/2+33|2-49]5. 413+ 19]3-35}3-5c|10 1 2 May -7 
1102.223802. 5303. 913*2513+41[3.-56|12 30 April 
132.2524103. $813. 1413+ 3913-404. 3/014 28 
152.292.4503. 2/3. 18|3+ 35{j3+51]4. 8116 26 
I7][2.3212.49][3> 513.22 3.393.564. 13 3 „ 
2002. 3602. 5303. 11]3. 2803-454 304. 2021 21 
232.4002. 5803.1503.3303•5104. 804.2624 5 
Feb. 2602. 4303. 13.203.383. 564.144. 3227 1 5 
March 3 53.233.424. 14. 194. 38020 Avg. 12 
1 4.4903 $\3+26 5.454. 44.234.410 2 Sept..| 9 
7[2+51]3+10}3-2913- 4514 74.254.450 5 
1c[2. $3/3-13\3-32[3+-57j+-2/4-2914-49] $ 
13 2455/3-14 3+ 2313+ 53]+- 134.324.5111 
16/2. <6|13.15|3-34,3+-54 +: 14[4- 3314+ 52114 
1912-56 3-1513 3513 $51#- 1515+ 3314+ 52107 
AZ 2.863.703 3513-55'4 15!+. 3414-53 29 
TN © * 
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TAP. XVIII. For reducing the Sux's Drei ix. as given © this N. A. Fa Norm at | 


ry GREENWICH to any other Time under that Merid. or to Noon under any other Merid. 
** —. En — Robes — : 
g Add aft. N Sub. aft. NI n. M. H. u. H. NA. H. M. N. M. H. M. In. . ub aft. N Add art. N | 
. | Sub bef. N |Add bef.N|5.20|53-40j6. of. 2006. 407. 07 .204.49d bet. NH Sub. bef.N JF 
Add in W Sub. in W \c | 1. Db |D D bob. in W{Add in W 11 
| Sub. in E [add in Ee 9s 2199 D195 DI 10% | 105-220} Add in E Subs in BY 
: Days. Days N. s.. S. . 8. |M. 3, 4M. 8. N. s. NM. s.] Days. | Days. 1 
Decem. 21 Decem. 2 100. C. do. o. 0,0. ©/0% q. T June [21 June 
20 220. 5/0» Go. 600. 7%. 8%. 8ſo. 822 20 
19 2300.11 9.1200. 13 O. 140. 15%. 1500. 16 23 19 
18 240. 170 1900. 20.0. 21. 220 230. 2424 1 1 
17] 2500. 2300. 25/0. 2600. 280. 290.310. 32425 "6 
16 2600. 290. 3100. 320. 35 0. 37 0˙38 0.4cſ26 16 ö 
1 20. 350. 380. 40%. 42.44 94. 40927 15 I 
5 144 2280. 4100 43/0. 460. 490. 510.540. 5728 14 . 
: 13 2900. 470. 50% 5300. 5600. 59/1 2/I. 529 13 
12 3000. 530 56/0. 59%. 31. 6 L. 9. 1230 Tune, 12 N 
= II Decem. 3100. 5901. 21. 61. 1001.13 11.171.217 1 july 11 [! 
10 Jan. 111. 5/1. 91.131.171. 211• 251.291 2 10 It 
9 21.111.150. 19/1. 241.281.321.373 9 b 
8 31.1601.2101.2601.3 101.3501400. 45 4 EY : 9 
7 41.221•27L.32/1.37/142 1.47155 5 * 7 þ 
6 51.27 1.330138 1.441491 5412. © 6 6 [ ar 
5  6[1.33{j1-39|r.45/1.511t.57 2+ 22. of 7 | 5 i, muy 
4 711.391.451.517. 572 32. 92.168 4 6 
3 81.44% 50.57%. 441%½ 10239 3 11 |. 
| 2 91. 501. 5602. 32. 1002.17 j2-23[2.3oſro 2 U el 
 Decems I | 10 I. 55/2 212. 92.160223 2.302. 38 11 I june | "i 
| Nov. 30 Iiſ2»'0j2> 7j2.15|2.22j2+ 30 z. 372. 45]12 31 May | 1 
| 29 122. 5213/2210229 2.37 2.42.5273 130 | J 
25] -: 132.100.192. 2702.35 2432.513414 429 ö 
3 142.1602. 250z. 3302 422.502.5803. 7175 28 
ö 26 152.2102. 3002. 382.472 563. 513-2316 A 
8 4-- ,I6j2,26[2+ 352.4412. 5513+ 23.1103 2117 25 
24 1712. J$1}2+4O{2. $012, $913» 93˙.180 3.2878 5 | EE | 
- 23 18/2. 36|2+46|2.5513. 503.153.4349 24 1 
5 e T19]2 +412 STI3» 2 111321 3113-47020 * j | 
| 21 202.4602 5603. 6[3.17}3+27j3+ 37] 3-4%j21 22 
| 20 212.5003 23.123233 33344355022 21 | | 
| 19 222.5503 65 173˙2803•393·•500%4— 13 20 þ | 
18] 2353. 0j3-1113.221353313-4513+50}4+ 7]24 19 
„ 243. 43˙163.273˙3983•59%4 14 1325 18 | 
16 2503. $13-20[3.3213+441}3+- 5014+ 714. 19726 17 * 
| 15]. 263˙ 130325033753 49/4. 1{4513/4+20[27 16 
| 14 2713e17]3+29]3-42]j« 54/4» 0/4» 1y[+» 32]28 15 | 
- SR 2803.223343 47{4 0[4+-1214-2514- 38]29 14. \ 
| 3 Jan. 30 3 3j3:43]3+ 56/4» 9 122 4.30/41 July 472 
9 Feb. 13.3803 51/4. 504. 1804. 32 4 40/4. 5% 2 Aug. [ro 
7 33.4604. 0[4-14/4+28j+-42 [4+ 50{[5-1 4 8 
| 5 513. 5214+ 64.21 366 5005 515 Tg] 6 6 | 60 
| 3 73.594.144 29/4444 59 [5+ 1445-26] 8 * ir 
| Nov. 1 94. 54.2104. 364.525. 75235-3810 2 May 
| Oct. 30 114. 124.284.4445. C6 16531/54772 0 April 
28 134.1904 35/4515. 75 ˙ 23540/556174 | 8 
26 154 2404404. 575. 145˙30%5˙ 476. 6 126 
24 174. 3004. 47/5. 315-2155» 38[5-55|0.12]18 4 
[ 1 20/4. 37]4+ 55]5+12]5- 20} i+47 e e 21 1-1 | 
| 1 2 314+44|5+ 2155 1915+ 3755-55 135 $25 1$ 
4.5005 80526544 20263827 15 
515(5˙33/5˙52(6˙10 0.2 6.47] 0 Aug. 12 
5 19/5. 385. 37/6. 166. 3460. | 2 Sept. 9 
5. 2005. 425. 16. 206. 36, 58J 5 t 
#5-27]5-4615. 516.25 $.4417--3&-8 3 April 
5+3J0|[5-49,9+ 96 28 6.4) 7, (it , 31 March 
5-31[5.5116.1116.31,0+ 5c|7. 914 28 ; 
5 3215-52 5 65.517.117 25 
5.331553 6-13.33 6 5217. IIIZz20 22 ; 
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Tas. XVIII. For reducing the Sun's DPECLIN. as given in the N. A, for Noon at 
Set rwien to any other Time under that Merid. or to Noon under any-other Merid. 
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* Fx 
2 
- 
| 25 
* 2 
BY To - 
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. 5 
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3 
1 
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<<» a 
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3 
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F N 
N = 
1 
| 4 
# 
1 4 
1 
41 
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2 n 
* 5 = 
111 xo 4 2 — 
2 KC . 3 a a 
* F . 8 1 i 12 n * 
E K re L Ver #3 — 5 8 a *% v . 
e 5 ord Har 2 . 
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Add att. N Sub. aft. NI x. H. M. H. M. Sub. aft. N Add aft. N 
Sub. bef N Addbef. N 8.409. O 9. 400Addbef. N Sub. bef N 
Add in W Sub. in W D D [Sub. in dd in W 
Sub. in E Add in E 135. 145 Add in E Sub. in E 
Days. Lays. . 1. Days. | Days. 
Decem. 21 Decem 21 ©. © O. zi june [21 June | 
9% 23 . 10 O. Ic a 20 
19 27 0.19 0.21 I 
| 1 Mi . 0. 29 0.31 13 
| ET o. 39/0. 410. 435 17 
. 16 260 0.49 0.5326 16 
35 15 27 9.59 I. 3 15 
ö 14 2810. I. 9 1.1428 14 
234 29 1.19 4 : 13 
12 3007. 1.29 1. 35 40 June 12 
| 11 Decem 31 1.39 1. 460 1 july 11 
70% n. 7 149530 57] 2 10 
| | 2 1.59 2. 73 „9 
b 3 2 9} 2.180 4 8 
| | 4 2.192.232.2805 7 
„„ 2.282.330. 3 6 6 - 
5 | * 2.38 2.49) 7. 5 
| 7 . HT 14 
k 2.506 3- 9 8 
9 3 2 
Decem. 10 2 3. 613+ 14 3+28 1 June 
Novem. 30 11 I; 3.+5|3-25 3-36 31 May 
| 29 126.80 3˙24˙32˙39(˙47 30 
28 13 3 3.323 -4© 3.57 29 
27 14 3. 3-41 3-49] +» 6 128 
| 26 15 3: 13-49 3-50 4.16 27 
25 16 3. 3.574. 7 „ j26 
24 17 K. 4. 6j4- #6 4.34 25 
23 18 3.544. 4414424 4+43 24 
| 22 I9 43 4.210431 &+ 51, 23 
| 21 20 4. 8 139 4.5005. of 22 
20 21 4.16 4+45(4.55|5+ 9 21 
19 22 4.23 4.5605. 75.18 20 
18 23 4. 30 5 445.1505˙26 19 
17 24 4 3604 542523534 18 
55 16 254314. 43 519530542 by 
AG 26043804. 5005 5265.380550 16 
14 2744304. 565 5-33]5+46|5+ 58] 115 
13 28 4.5005. 3 5.40 5.54 6. 6 14 
| 11 Jan. 3005 25. 5-54 6. 816.2331 July 112 N 
Feb. 215-13 6. 86. 226. 35% Aug. to 5 
3 315424) 6.30 6.49 Þ 
515-3415. 6.35 F- -—s 16 
715 +44 0.44 A 1418 4 
Novem. 915+5310. 6.55 17.26 2 May 
October 30 116. 3 7. 6 2 30 April 
81 13 6. 126. 710 7.48 28 
156.20 5 7.26 7.58 - 26 
, 1706. 29 7.30 8.9 24 
2006. 30 749 8.22 21 
23. 8 0 8.34024 * 
Feb. 26 8 1c 518.46 15 
March 1 8.20 8.57139 Aug. 12 
4 8.28 59. 6 28eptem. 9 
7 8.33 912 6 
10 8.39 9-18 3&4 
13 8.43 9.22 31 March 
I 8.47 9-25 oo: 
19 8.49 9+27 17 25 
- 2/2 8. 50 9.28.20 200 
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N 


; | | 38 5 ; | 5 : i | . ; | ; ; : 
| Tarn XVIII. For reducing the SuN*s DECLINATION as given in the N. A. for Noomat 
GrnEENWICH to any other Lime under that Merid, or to Noon under any other Merid. 


£| 44d aft. N|Sub-aft- N H.M pps M. H. N. H. M. H M [He M. Sub. aft N] Add att N 
Sub bet. N Add bef. NH IO. O10. 20010-40/TI. 111.20 11. 40[12. OfAdd bef. NI Sub bef. NI 
Ade in W Sub. in P {Dy D FD I'D 5 5 Pin WjAddin W 
Sub. in E[Add in E.] 150 175 160 165 | 170 | 175 | 180 Add in EISub. in E 
Pays Fes Ms N. 5. M. S. N. s {Me s. A. S. M. 8. Days. Days 
PDece n 21 Becem 2100. of ©. (o. e. cs. c| ©. c| 0. oat June [21 June 
„„ 2210.11] 0.1 O. 12] 0. 12J 012] 9.13 9.13022 20 
19 2300. 22 o. 23 0-24] 0.24] 0-25| 0,266 % 2623 TY 
181 2400. 33 0. 34 0. 35] 0-36] 0.37 0.380 0. 3924 18 
17 250-44] 0+46] 0.47] 0-48] 0.50% . 510 9.53/25 17 
16 2600 · 55 0.5 o. 58 I, c| I. 20 I. 4| 1. 626 16 
15 271. 6] I. & 1.110 1. 13] 1. 180 1. 12 1.19027 415 
144 2801. 17] I-20] 1.23] 1.250 1.27] 1. 30] 1.3228 14 
13 291.280 1.30 1.34 1.37 1.400 1.43 1.4629 13 
12 30/1. 3941.45] 1-49] 1-52] 1.55. 59130 12 
—"11|Decem 31/1. 50 7. 54 1.572. I| 2+ 5| 2. 8] 2. 120 1 July 11 
| 10| jan. 112. i] 2. $5|-2+ gf 2.13] 2-17] 2.24] 2.25 2 10 
. 2.16} 2-20] 2.25} 2+-30| 2.34 2.38 3 l 9 
2 32] 2+37] 2+42] 2-47] 2-51] 4 WOE 
2+444. 2549] 2+544. 2+ $90. 3+ 415 47 
| 2-55] 3. | 3- 6 3J-IIj 3.17 6 6 
3 6 J-12] 3.18/ 3.24 3-30 7 5 
3.17 3-23] 3.29 3.360 3 42 8 4 
3-28] 3+34] 3>41| 3-45] 3.5449 4 
_3:38] 3-45|_3:52]_3-59| 4: %% | 2 
. 3+ 49 3-56 4 4 4+17 4-1 11 11 june 
Decem 30 113.4 352 3*59] 4+ 7] +: J 4+22 4+ 30112 3}1 May 
29 123.55 4. 3] 4-10] 4.18] 4+26} 4.34 4:42]13 20 
28 134. 5] 4-I30 4+21] 4.29 4-38 4.46 45414 29 ö 
27 1444.15 4-23] 431/4400 ++49| 4.57 5* 5/75 28 . 
45 1504.24] 4.330 4.410 4.560 4-59] 5* 8] 5-17]16 „„ 
25 160. 34 4-+ 4-3] 4 52] 5 1] 510 5-19 52.8077 26 
24 1714-43] 4.530 5. 20511] 5 210 5 300 540/18 25 , | 
| ES” If 1814-52] 5» 21 $+12] $5.22] 5-32) $e41 5.51 19 24 2 
i 22 1905. 1 5. 12 5. 220 5.32} 542 5.520 0- 2120 123 
1 2117 20iſ-ho} $a $438 coat „ „C 22 | 
} 20 2115-2c| 5.310 5.44] 5.52] 6. 4j 6.14] 6.24/22 21 
| 19 2215-29 5-40] $+51 6. 2 6.13] 6.24] 0+34ja3 20 
9 18 2315+37] 5-49] 6. of 6.11] 6-23} 6.340 6˙44(24 19 
1 17 2415-45] 5-57] 6. 9 6.20 6.32 6.43] 6.5402 18 
| 16 2505. 54] 6. 6] 6+ 17] 6. 29] 6.410 6.53] 7+ 4j26 17 
Ic 2616. 2] 6.14] 6.26] 6.33] 6.51] 7. 3] 7.14/27 16 
14 2716.10] 6.22] 6.34] 6.47] 7. c 7.12 7.24028 15 
| 133 2286.19 6.31] 6.43] 6.56} 7. 9 7-22} 7.3429 I4 
| 11|]an. 3019+ 34 6.47] 7+ / 7+13] 7-26| 7-40] 7+53j31 July 12 
| 9 Feb. 16.49 7. 3] 7.16 7. 300 7-43] 7-57] 3-11] 2 Aug. 10 
| 37. 3] 7-217] 7-31] 7-45|.7-59] 8-13] $-28| 4 43 
| 5 57166 7.31] 7-45] 8. o|- 3.14 25 8.430 6 6 
N 3] 717-29] 7-44] 7-59] +74] 8.280 5-43] 3-58] 8 4 
2g I - 917-41 7-56] 8-12] 8.27] 8.42 5-53} 9-13j10 2 May 
380 177.530 8. 8| 8.24 8.40 8. 56% 9-12] 9,2812 30 April 
28 138. 4] 3.20] 8.360 8.53] g. 9 9-21] 9.42074 ; > 
26 1508.15 8. 32] 8.48] 9. 5 9.21 9.38] 9.54/16 2126 
24 1718.26] 8.4309. "| 9-17] 9.34] 9. 50/0. 7/18 24 
27 2988-40 8.57] 9-14] 9.329.410. 610.2421 21 
| 18 2308.52 9.10} 9.280 946010. 310.2701. 39/24. 18 
15[Feb. 2609. 4 9.220 9.40} 9.58010 16010. 3410. 5327 15 
12 March. 109. 15 9-33] 9.51010. 10010. 29010. 4711. 6030 Aug. [12 
249.24 9.43/70. 110. 20010. 39/10. 58/11. 160 2 Sept. | 9 
f 6 719-30] 9. 50010. 9/10. 2810. 47/11. 60611. 24 5 6 
Ok. 3 109. 371 9.56010. 16610. 35ʃ10. 5411.13]. 32 8 3 April | 
Pest. 30 139.410. © 10.211041. 5g 11.13{11. 38111 31 March 
27 169.4510. 4/10. 24/10. 44] 1. 3/1 1. 2211. 4214 28 | 
ON 1244 10. 6019. 26010. 460611. 5011. 24J¼11. 44/77 25 
ee e ze zu zn ee 122 
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Tan XIX. 


SUN's RIGHT. ASCENSION. © 


This be is ſufficiently exat for finaing. when any ſtar comes to 
the meridian, in order to obtain the latitude ; but in all calculations 
for determinining the longitude by celeſtial obſervations, the ſun's 
right aſcenſion and declination muſt be taken out of the Nautica 
— as they are there calculated to a greater degree of accu 


AY Þp BD VY >> UNS 3 0D 95 +, = ec 


J 
' Jan. Feb. | Mar. April | May | [une | July | Aug. Sept. | OR. | Nov, | Dec. | | 
2 fn — — — — —— — — 
Z {South South South North North North North North [North [South South South 
33 — 1 — 3 — — — —— — ę — n Foun a — nk ' 
[He N. . . H. . . 1. n. MeſHe MoſHe 5. E. . n. b.. Mo [Ho 5. . M. 
118 480P21 0/22 49 0 43 2 34 4 360 6 41] 8 46/0 42012 3014 26116 30 
| 2118 52/21 4/22 53] 2 460 2 380 4 41] 6 45] 8 49/10 45/2 33/74 30116 34 
| 3118: 5721 $122 57% © 50 2 4 4 45] 6 49 8 53/10 49/12 37/14 3476 39 
419 1/27 12/23 1 0 53] 2 45 4 49] 6 53] 8 57110 52/12 41414 3816 43 
5119 6121 16023 40 57] 2 4% 4 53] 6 / 9 1/70 56/72 4414 42116 47 
619 10021 20/23 8 1 i 2 53} 4 56] 7 109 5/11 012 4814 46[16 52 
7119 14/21 24/23 11] I 4f 2 57% 5 17 59 9/1 3/712 5214 50/16 56 
8019 19/21 28123 15] 1 8] 3 10 5 5| 7 109 12]11 7/2 5514 5417 © 
9119 230/21 32123 IG] 1 12} 3 5 5 9 7 14]. 9 16/71 11/12 5914 58017 5 
09 27121 36/23 22] 1 151-3 8; 5 13] 7 180 9 20[r1 14/13 315. 217 9 
1119 32121 40123 264 1 19 3 12 5 18] 7 22| 9 24411 18/13 60/715 6/17 14 
1219 36021 44123 3c} 1 23] 3 16} 5 22] 7 2609 28/11 21113 1c[15 10017 18 
12019 4021 48/23 33/1 261 3 26) 5 26j 7. 30/9 3111 gf13 14115 14/17 23 
149 45j21 52123 37þ 1 30] 3 24 5 3007 34l 9 35112 28j13 17/15 1897 27 
15/19 49/21 56023 a1} 1 34} 3 25] 5 340 7 38] 9 3911 32113 21/15 22117 31 
1619 53/22 03 44\ 1 37] 3 32] 5 38] 7 42} 9 43/1 36[13 25¼15 26017 361! 
[27129 5822 4123 43] 1 47 3 36{ 5 43] 7 46] 9 46jr1 3913 29]15 3117 45 
18129 2/22 723 52] 1 45 3 4©| 5 47] 7 50 9 5% 1 43113 32115 35117 44/1 
19420 6122 11123 55} 1 49] 3 44.5 511 7 54 9 54/1 46/13 36[:5 39/17 4% 
20(20. 10j22 15123 59] 1 52} 3 45) 5 55] 7 58] 9 58/011 5034015 43;17 54126 
21/20 14j22 10% 0 3] 1 560 3 524 5 59% 8 2jz0 IjI1 54/13 44fi5 47117 58/21 
122120 19/2 23 o 6/2 of 3 5666 3] 8 6jx0 '$|[1x 57113 4715 52118 2/22 
23/29 23122 26| 0 100 2 3} 4 of 6 7] 8 10/119 gfi2 1/13 51/15 56018 7/2; 
124/20 27/22 30} © 132 7| 4. 4 6 12] 8 14/10 1212 4/13 55/16 018 17020 
25/120 31/22 34/0 17] 2 11 4 8 6 16 8 18010 160612 8/713 59/16 4/18 163 
26020 35/22 380 0 21] 2 15/ 4 12 6 29] 8 2210 20/12 1214 31016 918 20026 
27120 40122 42 0 24] 2 19 4 16 6 24} 3 26/10 23/712 1514 7416 13118 25/2 
28129 44/22 45 0,28] 2 22] 4 200 6 23} 8 30j10 27112 19/14 10/16 17118 2912) 
29/20 48 o 32] 2 26] 4 24 6 32| 8 3410 31;j12 22114. 14fi6- 21/18 34/29 
30020 52 © 35] 2 39 4 28 6 37] 8 38110 34/12 26[14 1816 26418 34s 
21120 56 10 39 Bret | 8 42010 38 14 22 1¹8 4265 
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TAT E XX. 


A TABLE of the Right Aſcenſion and Declination of ſome of the 
principal fixed Stars, adapted to the Year 1796, with their 
Annual Variation. 1 | | . 

| 5 * Right Al- Annu. Bei Annual 
Names of the Stars. 5 GER OO | * ee 
- FO | H. M. 3. . . 

Shedar, in the breaſt of Caſſiopeia— 3| 28 57 +3+31j55 25 $5N|[19 91+ 

Abruccabar, pole ſtar, tail of the Little Bear 2 2 50 24 195 88 13 13 19.694 

Mirach, in the girdle of Andromeda — ][ *| © 58 220 3. 30134 32 7 [19-45F] 

Almaach, in the foot of Andromeda —— *| x 51 27| 3.62041 20 38 |17-80+} 

Menkar, in the jaw of the Whale ——| 2| 2 51 380 3-13] 3 16 52 14 80+] 

Algol, in the head of Meduſa ———| 2 2 54 57 3+35]140 9 31 1463+ 

Algenib, the bright ſtar in Perſeus ——| *| 3 9 5 4*29149 7 23 13+72+} 

Pleiades, the bright ſtar in Taurus ———| 3] 3 35 24 3+55]23 27 50 lz. 00+]. 

Hyades, in Taurus : — 34 8 12] 3.39% 7 24 | 9+60+ 

Aldebaran, the Bull's fouth eye 14 24 14 343/16 5 19 | 1. 1247 

Capella, in the Goat „ 1 400 4404 46 12.530 

Bella trix, in the weft ſhoulder of Orion 2 5 14 12} 3+22 6 g 8 | 4-15+ 

Betelgueſe, in the eaſt ſhoulder of Orion i| 5 44 8] 3-25] 7 21 21 | 1 55 

Caſtor, the bright ſtar in the head of Gemini] 2 7 21 35 3155 19 20 | 6.78—| 

2rocyon, the bright ſtar in the Little Dog 17 28 39] 3-20 2 44 58 | 7-49— 

* Pollux, in the head of Gemini —— 2| 31 52] 3-75128 30 26 | 7.79— 

Acubens, in the claw of Cancer — 318 47 19] 3-24|12 38 18 13. 30— 

Regulus, in the Lion's heart 169 57 31 324/12 57 32 17. 16— 

Dubhe, upper Pointer in the Great Bear [2/0 51 2 3.8862 51 © [19,09—— 

Alioth; the firſt in the tail of the Great Bear | 2112 45 6 2.6957 4 10 19.69 

Benetnach, laſt in the tail of the Great Bear] 2/13 39 31] 2+42]50 20 11 18 ws 

ArQurus, in Bootes — 1 , 6 25] 2˙82½0 16 5 726 

Mirach, in the thigh of Bootes — 1 3/14 46 100 2.637 56 27 15.67 

W | Alphacca, the bright Rar in the Crown 2015 26 4| 2.5427 24 39 12. bO=nf . 
| [Raf. Alge hi, in the head of Hercules ---| 2117 25 27] 274/14 38 1 4. 87— 

Raf. Alhague, in the head of Ophiucus ---| 2117 5 22] 2.75/12 43. x8 os R 

Raftaben, in the head of the Dragon ———| 2/17 51 52] 13757 30 59 0.78— 

Vega, the bright ſtar in the Harp —1 8 30 1| 202138 35 54 2. 52+]. 

Atair, the bright ſtar in the Eagle — 1 219 40 48 2.90 8 20 7 8. 40 

Deneb, in the tail of the Swan ] 2120 37 29] 2.0544 33 26 [12-44+ 

Aldermain, in the ſhoulderof Cepheus —— 3/21 13 42] 14451 43 37 14+95+ 

Scheat, in the thigh of Pegaſus — | 2122 53 54 2.88 26 58 8 19.18＋7 

Marcab, in the wing of Pegaſus — I 2122. 54 37] 2. 98014 6 378, [19 20 ＋ 

Achernar, in the river Eridanus ——] I 1 30, 7] 2+25 58 16 39 18.56— ” 

Rigel, in the foot of Orion 115 4 44 2.89 $ 26 52 45947 

Canopus, the bright ſtar in Argo —| 1| 6 19 26 1. 3452 35 23 | 1-60+ 

Sirius, the bright ſtar in the Great Dog 16 6 36 110 2.69/16 25 58 3.107 

Alphard, in the heart of the female Hydra | 2| 9 17 34] 2.9007 46 53 15˙13＋7 

Virgin's Spike, in the ſheaf of Virgo 1113-14 23] 3.15½0 5 28 19. o 4 

Zubeneſch, in the ſouth ſcale of Libra 424 39 33] 3˙31½5 ix 3 [15 50+ 

Zubenelg, in the north cale of Libra 215 6 3] 3-22| 8 37 13 1393+ 

Antares, in the heart of Scorpio | ——| 1116 16 560 366/25 57 55 8 -go+ 

Fomalhaut, bright ſtar in the Southern Fiſh | 1022 46 20] 3.3330 41 52 18,97 — 

ſhe foot of the Cros mmm 112 15 24| 3.2261 57 50 [2001+] 

The bright tar in the Oars | 1] 9 10 560 0.75/68 52 46 [14.79F] 

The bright Rar in Centaur 114 26 12| 4.41159 59 37 16.26+ 

If the places of theſe ſtars are wanted for any time before the beginning of the 

| Year 1796, multiply the annual variation, both in right-aſcenſion and declination, by 

| the number of years before 1796, and ſubtra the product from the right aſcenſon Þ | 

| ſanding in the table; but the product of the annual variation in declination muſt be 

added to, or fubtrafted from, the declination, according as the ſign + or — follow 

e; but for any years after 1796, the variation in right aſcenſion muſt be added to the 

right aſcenſion in the table, and the variation in declination mult be either added 
t or ſubtracted from it, according as their ſigns are, to fit the declination to any 
dens, r. year,—The annual variation is ſet down for ſeconds, and decimals of a 
econd, | 5 15 ; . 
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_ 1 Tarix. XIX. s 
1 5 OF THE 
| | RES, 
FE: SUN's RIGHT: ASCENSION.  - 
| Jan.] Feb. Mar. April | May | Tune | July Aug . Sept. Oct. Nov, | Dec. | || 
| = {South South [South [North [North [North [North North North south South [South |< 
| | | 
9s — 5 — — — — — . — ——— e — —— — 
He M. IH. M. H. M. H. M. H. M. H. M. H. M. H. M. [H. MH. M H. M. He M. | 
i p : | 5 5 : | 
118 48]2x 022 49 0 43|2 34! 4 36] 6 41 8 46/70 42012 3014 26116 30 |. 
218 52ſ21 422 53] 46 2 33] 4 41] 6 45 8 49/0 45/12 33/14 3016 34] 2 
318 57j21 $122 57] © 501 2 41| 4 45] 6 49 8 53/10 49/12 3714 34/6 39/3 
419 121 12/23 7 0 53] 2 45 4 49] 6 530 8 57110 52/12 41414 38116 43] 44. | 
5/19 6021 16/23 4/0 57 2 4% 4 53] 6 57] 9 1/70 56/12 44.14 42116 47] 5 | 
6;19 Ic|21 20j23 8| x i 2 53; 4 56] 7. 1] 9 511 ofi2 4814 460/16 52] 6 
7139 14/21 24/23 11] 1 4 2 5745 1f7 $| 9 git 3/72 52/14 50/76 5607 , 
89 1g9j2T 23123 15] x 8] 3 165 $| 7 100 9 12]11 7j12 55/14 54/17 of $' ; 
99 23]21 32123 19% 1 12 3 5 5 9f 7 149 16/1 11112 59/14 587 50 a 
Hot 27/21 36123 221 15] 3- 8] 5 13] 7 18] 9 2oftt. 14/13 30715 2017 9010 : 
11119 32/21 40j23 260 1 19] 3 12| 5 18] 7 22] 9 24/11 18013 6015 617 14011 R 
121019 36021 49%23 3c} 1 23 3 16] 5 22] 7 2 9 28111 21/13 1c|15 1017 18/12 R 
3 1219 40021 48/23 33] 1 26| 3 200 5 26] 7 30] 9 31/1 513 14/15 141) 23013 R 
. 1419 45121 52½3 37% 1 30/ 3 24) 5 30/7 34/9 35111 28j13 1715 18117 2704 Y 
15019 49/21 56023 4 1 34 3 28 5 34] 7 38] 9 3911 32[13 21j15 22117 315 4 
s 1619 53122 of23 44 1 37 3 32} 5 38] 7 42} 9 43/1 36113 25/15 2617 3616 FP 
l [27129 58j22 4123 43] 1 421 3 36 5 43] 7 46| 9 46/11 39113 29/15 31/17 4:7 A 
r , 18120 2/22 7124 52] 1 45| 3 4% 5 47] 7 50 9 5% 1 43113 32115 35/17 45/5 B 
+ 1980 6122 11123 55] 1 49] 3 44.5 511 7 549 54/11 46{13 3625 35117 45119 M 
: 20{20. 10j22 15123 59] 1 52} 3 48 5 55] 7 580 9 58111 5034015 43j17 54120, A 
| 2120 14122 10% © 3] 1 561 3 52 5 % 8 2110 [11 543 4475 47/17 5821 N 
22%½% 19/22 23 0 6 2 o| 3 56 38 6/10 51 59113 47/15 52118 212] [. 
4 2329 23/2 260 0 10% 2 314 of 6 78 10/19 gfi2 1/73 51/15 $6119 7/25 Si 
7 $124j29 27/22 3o| 0 13j 2 7]4 4 6 12] 8 14/10 12/12 4113 55/16 0118 112 5 
* 25/20 311/22 34 © I7] 2 11] 4 86 16/8 18010 160612 8/13 5916 4418 1602; i 
1 8 26620 35/22 35] © 21] 2 15 4 12] 6 20 8 2210 20012 1214 3116 918 20126. [£u 
$ \27j20 40022 42 0 24] 2 19] 4 16| 6 24 8 26010 23 12 1514 7116 1318 2527 Ci 
16 28 29 44/22 45 0,28] 2 22] 4 20 6 23] 8 3010 27112 19/14 10/16 17/18 292) An 
{ 29}20 48 oO 32] 2 26] 4 24 6 32| 8 3410 31112 22114 1416 21/18 34/29 7 
5 30420 52 0 35| 2 30 4 28 6 37] 8 38110 34/12 26014 18116 26018 3330 a, 
+ A 86 10 39 4 32 : 8 4210 38' 14 22) 18 42131 1 
SE — — — — | Oy 
= | | 32 
Wn | This table is ſufficiently exact for finding when any ſtar comes to 3 
1 | fithe meridian, in order to obtain the latitude; but in all calculations 8 
. Iltor determinining the longitude by celeſtial obſervations, the ſun's fa 
| Ilright aſcenſion and declination muſt be taken out of the Nautica >; 
Almanac, as they are there calculated to a greater degree of accu- nd 
rac h | LO to 
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A TABLE of the Right Aſcenſion and Declination of ſome of the FR 
principal fixed Stars, adapted to the Ye 


ar 1796, with their 


3 | * Right Al- Ann ta. 
Names of the Stars. 5 ene "TI OR IL 1 
Z : A ; H. M. 8. 1 5 * N S. 1 2 
Shedar, in the breaſt of Caſſiopeia—] 3| 28 511+3+31155 25 N19 91+ 
Abruccabar, pole ſtar, tail of the Little Bear. 0 52 24 10. 05[88 13 13 19.69 + 
Mirach, in the girdle of Andromeda — ] *| © 58 220 3- 30134 32 7 [19-45+F] 
Almaach, in the foot of Andromeda — ] *| 1 51 27 3.6241 20 38 |17.80+| 
[Menkar, in the jaw.of the Whale ———| 2] 53 35] . 3-13] 3.36 52 114 307 
Algol, in the head of Meduſa — 4 57] 385040 9 31 14-63+ 
Algenib, the bright ſtar in Perſeus —] 2| 3 9 509] 429492 7 23 [13+73T 
Pleiades, the bright ſtar in Taurus ———| 3| 3 35 24 3.55023 27 50 fz. 00+ 
Hyades, in Taurus — 34 8 12] 3.395 7 24 | 960+ 
Aldebaran, the Bull's ſouth eye — | 4 24 14 3-436 9 5. 127 
Capella, in the Goat — — 1 1 400 444 46 12530 
Bellatrix, in the weft ſhoulder of Orion 2| 5 14 120 3-22] 6 94 8 | 4-15+ 
getelgueſe, in the eaſt ſhoulder of Orion 165 44 80 3-25] 7 21 21 [1.587 
Caſtor, the bright ſtar in the head of Gemini .*| 7 21 35 3+85|32 19 20 | 6.78— 
?rocyon, the bright ſtar in the Little Dog 117 28 39] 3-20] 5 44 58 | 7- 49] 
*Pollux, in the head of Gemini —— 2] 7 31 52] 3˙75/28 30 26 7.70— 
Acubens, in the claw of Cancer — 38 47 19 3-24/12 38 18 [13.30 
Regulus, in the Lion's heart 109 57 31] 3-24|12 57 32 17. a 
Dubhe, upper Pointer in the Great Bear 210 51 2 3.88062 51 © 19.09— 
Alioth, the firſt in the tail of the Great Bear | 2/12 45 6 2.6957 4 10 19.69— 
Benetnach, laſt in the tail of the Great Bear] 213 39 31] 241/50 20 11 18 wo wh 
Arcturus, in Bootes — 14 6 25] 2.8220 16 5 17.16. 
Mirach, in the thigh of Bootes — 3/14 46 10] 2.6327 56 27 15.67 — 
[Alphacca, the bright ſtar in the Crown 2015 26 4| 2+54|27 24 39 12.60 
Raf. Alge hi, in the head of Hercules ---| 2117 25 27] 2 74114 38 1 | 4. 87— 
Raſ. Alhague, in the head of Ophiucus ---| 2117 5 22] 2+75|12 43 18 | 3-IS—|. 
Raſtaben, in the head of the Dragon ==—| 2117 51 52 1+37j51 30 59 0.78— | 
Vega, the bright ſtar in the Harp — | 18 30 1 2.02038 35 542.527 
Atair, the bright ſtar in the Eagle — ] 2/19 40 480 2.90 8 20 7 8.40 ＋ 
Deneb, in the tail of the Swan] 2/20 37 29] 25044 33 26 12.447 
Aldermain, in the ſhoulder of Cepheus ——f 3j21 13 42] 1-44 51 43 31 [|14+95+ 
Scheat, in the thigh of Pegaſus — 2 2.88026 58 8 19. 18+ 
Marcab, in the wing of Pegaſus =«——| 2022 54 37] 2.9814 6 378,119 20 
Achernar, in the river Eridanus ] I 1 30. 7] 22558 16 39 18.36— 
Rigel, in the foot of Orion — „ 4 14 2.89 $ 26 52 | 4-94 
Canopus, the bright ſtar in Argo — 1 1 6 19 26| 1. 34/52 35 23 1. bo+ 
Sirius, the bright ſtar in the Great Dog 1 6 36 110 2+69116 25 58 3.107 
Alphard, in the heart of the female Hydra | 2| 9 17 34] 2+-9%| 7 46 53 [15+13+ 
* Virgin's Spike, in the ſheaf of Virgo .| 1113 14 28] 3-15jlo 5 28 [19. 00+} 
Tubeneſch, in the ſouth ſcale of Libra - 2114 39 380 3+31/15 11 3 [15 50 f 
Lubenelg, in the north Tcale of Libra +--| 2115 65 2 „„ © 37-13 13. 93+ 
Antares, in the heart of Scorpio — | 1116.16 56] 3.665 57 55 8 90 + 
Fomalhaut, bright ſtar in the Southern Fiſh | 122 46 200 3.3730 41 52 18.97— 
ſhe foot of the Croſs — | 112 15 24) 3.2261 57 50 [20.01 
The bright tar in the Oars | 1 9 10 56 0.75/68 52 46 14. 79+] 
The bright tar in Centaur 1014 26 12| 4.41159 59 37 1626 


year 1796, multiply the annual variation, 


ſecond. 


the number of years before 1796, and ſubtract the 
ſtanding in the table; but the product of the annua 
added to, or ſubtracted from, the declination, according as the ſign + 
it; but for any years after 1796, the variation in right aſcenſion muſt be 
right aſcenſion in the table, and the variation in declination mult be either added | 
t, or ſubtracted from it, according as their ſigns are, to fit the 
ſucceeding year,—The annual variation is ſet down for ſeconds, 


If the places of theſe Rars are wanted for any time before the beginning of the 


both in right aſcenſion and declination, by 
product from the right aſcenſion 
| variation in declination muſt be 
or — follow 
added to the 
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noon of every day at London; and ma 
as has been already ſhewn of the tun. 


the equinoctial 
of Aries. 


be on the meridian of London, 
Arcturus's right aſcenſion =» 


Sun's right aſcenſion | 


After midnight 


Morning — — 9 
That is, the ſtar Arcturus will be upon 
the meridian of London 35 minutes af- 
ter nine o'clock in the morning. 


By the preceſſion of the equinoxes, the 


The right aſcenſion of the ſun, moon, 


WS | is obvious, that by the ſun's annual motion, he is perpetually changing his 
declination and right afcenſion, which is ſet down in the preceding table for the 
y be reduced to any other time or meridian, 


fixed ſtars are continually altering their 


longitudes, right aſcenſions, and declinations ; the alteration in the longitude is | 
about 50 ſeconds every year; the alteration in right aſcenſion and declination of 
ſome of the principal fixed ſtars are ſet down in the preceding table for 1796; 
and their annual variation, which being applied to the right aſcenſion and decli- 
nation in the table, by addition or ſubtraction, gives the right aſcenfien and de- 


clination for any ſucceeding years. 


or ſtars, is the number'of degrees of 


that comes to thegmeridian withithem, counted from the firſt point 


* 


The uſe of the tables of the right aſcenſion of the ſun and ſtars is to find the 


time when any ſtar culminates, or is upon the meridian on a given day. 


| | R U L E. 855 
Look for the right aſcenſion of the ſun and ſtar in the preceding tables, and 


ſubtra& the ſun's right aſcenſion from the ſtar's ; but if the ſun's right aſcenſion 
be greateſt, add 24 hours to the ſtar's right aſcenſion, and then ſubtract the ſun's | 
from it, the remainder will be the time of the ſtar's coming to the meridian. 


When the ſun's right aſcenſion is leaft, the ſtar comes to the meridian in the 


E LL | 
At what time will the ſtar Arcturus 


14 6 


38 6 


21 35 


34 


16 31 The ſtar culminates afternoon 


afternoon, but before noon when the ſun is greateſt. 


EXAMPLE; 
At what time will the ſtar Virgin's 


Deg. 1?{Spike be on the meridian of London, 
H. Mi. September 1? | 


H.M 


24 ofSpica Virginis's right aſcenſion 13 14 
| Sun's right aſcenſion 


10 42 
3 
2 32 


— 


So that the ſtar Virgin's Spike comes 
12 oſto the meridian at London 32 minutes 
after two in the afternoon. 


\ 


To find what Star will come upon the Meridian at any given Time. 
| . J 
Add the time from noon to the right aſcenſion of the ſun, the ſum will be the 


2 
2 


Ents a” 


Tight aſcenſion of the ſtar required to be known ; with which enter the table or 
the ſtar's right aſcenſion, and find what ſtar's 
comes the neareſt to it, and that is the ſtar,required, 


right aſcenſion agrees with, of 


EXAMPLE II. 


EXAMPLE I. | 
I would know what ſtar would be on| What ſtar will be upon the meridian 
the meridian of London about ten atfof London 20 minutes paſt four in the 
night, January 25? | morning, May 10? cl | 
8 J: raph = al. To „„ 
Sun's right aſcenſion January 25, Sun's right aſcenſion May g at noon 3 5 
at nooon — 20 31] And for 16 hours more — 3 
And for 10 hours more -— o 2|Given time 16 hours, 30 minutes 
Given time 10 hours P. M. 10 of P. M. m/w 16 30 
; "ps oY ; | 4 ; — 
30 34 Right aſcenſion of mid. heaven 19 38 
Sub. 24 of Anſwers nearly to Atair in the Tagic- 
Nearly anſwers to Sirius 6 3 
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ſun's riſing, ſetting, and length of the day andiſetting, and lengthof day at the Cape or Good 
night, at Peterſburg, the 21ik June, 1796. Hope, in lat 34. 29 S. May 15th, 17906. 


1 


To find the Time of the Sun's Riſing, Setting, and the Length of the Day |: 
| | and Might, by this Table. 25 
Firſt. Find the ſun's declination at the top of the page (marked with the de- 
grees of declination) and the latitudes in the right or left hand columns (marked 
hat.) and in the common angle of meeting is the time of ſun ſetting, if the fun 
has north declination, but the time of {un riſing, if the ſun has ſouth declination. 
3 r 4: 
Let it be required to find the time of the ſun's riſing and ſetting, with the 
length of the day and night, in latitude 519 north, the 18th of July, 1796 
1 firſt ſeek the ſun's declination for the given day, and find it 202 53“ north, | 
which I here call 212, then under the declination 21, and againf the latitude „ 
ſtands 7 H. 53 M. the time the fun ſets on the. given day, in lat. 51 north, which 


being doubled, gives 15H. 46 M. the length of the day; and if 5 H. 53 M. the 
time of the ſun ſetting, be ſubtracted from 12 H. the remainder 4 H. J M. gives © 


the time of the ſun's riſing, which being doubled, gives 8 H. 14 M. length of the 
night. N 85 5 


But, when the ſun has 219 ſouth declination in this latitude, the time of ſun- 
ſetting becomes the time of ſun-riſing, and the length of the day will then become 
the length of the night. | - | | | | 4 

Thus, the 25th of November, 1796, the ſun's declination will be 20“ 59" ſouth, 
or 21%, then the time of ſun-riſing is 7 H. 53 M. his ſetting 4 H. 7 M. and the 
length of the night 15 H. 46 M. and day 8 H. 14M. 125 | | 2 08 

"EXAMPLE. II EXAMPLE III. 1 

Let it be required to find the time of the Required the time of the ſun's rifing and 


= F 1 
9 
* 2 2 
— — 1 = i ot 


Under 239 28' N. the declination that day, Under the ceclination 19% 6” or 199 N. 


"of 
— - a>. AE... Le, emo I 


and againſt 609 N, the latitude of Peters-jand againſt the lat. 34 S. 5 m4 a. 

burg, — — 12 tans the ſun's riſing 3 6 4. © 
Stands the ſun's ſetting — 9 16\Time of ſun's ſetting — — 5 

The time of ſun- riſing — 2 444 „ | z 2 
Sun-ſetting doubled is the length of day 18 32; The length of the day a — 18. 


Sun- riſing doubled is the length of night 5 28, And H. 54M. doub. is length of night 13 48 
When a greater degree of accuracy is required, proportional parts may be taken 


D 


ſor degrees and minutes of latitude and declination. 


To find the Riſing and Setting of the Stfrs. 


By this table the'riſing and ſetting of any ſtar may be found, whoſe declination 
does not exceed 23® 30” north or ſouth, in the following manner: | 
If you are in north lat. and the ſtar has north declinaticn, look for the declina- 
tion at the top, and the lat. in the right or left hand columns, in the angle of 
meeting, is half the time of the ſtar's continuance above the horizon, in that lat. 
or the time it takes in aſcending from the eaſtern fide of the horizon to the mer: ü 
dian, and deſcending from the meridian to the weſtern part of the horizon. =_—_ 
Therefore, if theſe hours and minutes be ſubtracted from the time of the ſtars = 
coming to the meridian, the remainder will be the time of the ſtar's riſing, and 
it added, the ſum will be the time of the ſtar's ſetting. | | 
1 5 EXAMPLE hb | | 
Required when the ſtar Ar&urus riſes and ſets December 1, in lat. 51 deg. N. 
The time of the ſtar's coming to the meridian, or ſouthing in the morning 9 35 
Then under ſtar's declination 209 16' or 20 N. and agzinit lat. 51 ſtands 7 47 


Time of ſtar's rifing in the morning — „ 
Added, gives the time of the ſtar's ſetting — n 17 22 

= | 1 | 12 
Star ſets 22 minutes after 5 in the evening — 5-93 


When the latitude is north, and the ſtar has ſouth declination, or the latitude 
fouth and the ſtar has north declination, find the latitude in the fide columns as 
Lefore, againſt which, aud under the degrees of declination, ſtands half the time 
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the ſtar is under the horizon, which being ſubtrafted from 12, the n der in 
be half the time the ſtar will be above the horizon in that latitude. 
Example. What time will the Dog Star, Sirius, rife and ſet at London, Ja- 


nmuary 255 12 0 
Under the declination 169 26“ S. and againſt lat. 5x9 32“ or 52% ſtands 7 26 
Half the time the ſtar is above the horizon — — 4 34 


The ſtar comes to the meridian in the evening, alt — 10 og 


: Which ſubtracted, ſhews that the ſtar riſes at 31 m. after 5 in the evening 5 31 


Added, ſhews the time the ſtar ſets in the morning 3 5 
In like manner may the riſing and ſetting of the planets be found when their 


2 


declination does not exceed 239 , and the time of their paſſage over the meridian 

is known. . . 
Suppoſe it were required to know the time of Jupiter's riſing and ſetting, in 

latitude 52 north, the 1 of Auguſt, 1796. . „„ : 
In the Nautical Almanack for 1796, 1 find that Jupiter paſſes over the meri. 


and his declination is 8“ 27'S. | 

Now, 12 H. added to 14 H. 3 M. is 26 H. 3 M. from which ſubtra& 24 H. and 
the remainder 2 H. 3 M. is the time of his paſſing the meridian in the morning 
of that Gays according to the civil account. „ 


dian of Greenwich at 14 H. 3 M. that is, three minutes after two next morning, 


Under declination 89 27“ or 8 and againſt latitude 52 ſtand 6 H. 41 M „ half. 


the time Jupiter is below the horizon; this doubled is 13 H. 22 M. the length of 
Jupiter's night, which ſubtracted from 24 H. gives 10 H. 38 M. the length of 
his day. | | TE; ; 


Again, 6 H. 41 M. added to his paſſing the meridian 2 H. 3 M. gives 8 H. 


44 M. his riſing in the evening, and 2 H. 3 M. added to 12 H. gives 14 H. 3 M. 


from this ſum take 6 H. 41 M. and the remainder 7 H. 22 M. is the time of his ; 


tetting in the morning. | 5 | | 
Suppoſe it were required to find the moon's riſing and ſetting Auguſt 13th, 
1796, in latitude 52“ north | | 


In the Nautical Almanack, (page 6th) I find that the moon paſſes the meridian 


of Greenwich at 3 H. 16 M. in the evening, and her declination at midnight is 
22 55 South. | | 


Then in the tables, under the declination 2132“ S. or 229, and againſt the lat. 


52 ſtands 8 H. 5. M. Half the time ſhe is under the horizon doubled is 16 H. 
10 M. the length of the lunar night, which ſubtracted from 24 H, leaves 7 H. 50 M. 
the lunar day. To the moon's ſouthing or paſſage over the meridian, 8 H. 16 M. 
add half the lunar day, 3 H. 35 M. gives 11 H. 51 M. her ſetting at midnight, 
and from 8 H. 16 M. take 3, 35, the remainder 4 H. 41 M. is the time of her riting 


in the afternoon. _ 


In like manner may be found the riſing and ſetting of the other planets, only 


obſerving that the noon of the common day, and end of the ſea day, is the be- 


ginning of the day in the Nautical Almanack. 
As all the calculations here are made for the meridian of London, or Green- 


wich, care muſt be taken to reduce the tin of their paſſages over the meridian 


of Greenwich to the meridian of the place of obſervation, by allowing 1 H. later 
for every 15 of weſt longitude, and x H. ſooner for every 150 of eaſt Longitude. 

It were to be wiſhed, that gentlemen belonging to the ſea would carry a celeſ- 
tial globe with them, upon which all the above may be found in an eaſy manner; 


for they would have nothing more to do but to ſet the globe north and ſouth, raiſe 


the pole as many degrees above the horizon as the latitude is; bring the ſun's 


lace to the brazen meridian, and ſet the index to the upper 12; then turn the 


globe round, and note what ſtars come to the meridian, and the hour index will 
point to the time; when they come above the horizon, it will r to the time ot 
their riſing, and when they deſcend below the horizon, it will point to their ſet - 
ting; for as cach ſtar on the globe will point directly to one of the fame name in 


the heavens, they may be viewed at any time of the night; or, if a planet, turm 


the globe until the index points to the time of their e yer the meridian, 


and make a mark on the globe with a pencil, under their declination, then turn 


the globe caſt until the mark comes to the horizon, and the index will point to 


the time of their rifmg ; and turned weſterly till it come to thy horizon, the index 


will point to the time of their ſetting. 
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Diſt. in 


in Feet 


Height 


10.317 
10.533 


Diſt. in 
Miles. 


8.914 


9.163 


9.405 


9 6410 
9. 870 


10.097 


Height 
in Feet 


18.969 


20. 489 


21 030 


121.903 


Dif. i in 
Miles. 


19.165 
19.360 
19. CLE 
19-743 

19. 932 
20. 109 
20.305 


20.671 


20 851] 


21:206 
21.558 


22.243 
22.575 
22.907 
22.232 
22-553 


24.181 


25.094 


23.8691 


24.48 
#42793 


260-391 
255 654 
25-974 
26. 201 


41600 
1630 

1660 
1690 


Height 
in Feet 


760 
780 
80 
820 
840 
860 
880 
90 
920 
940 
900 
980 
ICOO 
1030 
1060 
090 
1120 
1150 
1180 
1210 
240 
1270 
1300 
1330 
1360 


Diſt, in Height Diſt. i 
in Feet 


Miles. 


33.756 
34197 
34633 
35˙ 063 
38488 
35-908 
30-323 
36.734 
37.140 
37-546 


2250 
2300 
2350 
2400 
2450 
2509 
2550 
2000 


139+297 
39.830 
t 


40.4260 


37-935 
38.721 


40.978 


41.5243 


42.062 


43-118 
43-030 
44-149 
44-055 


4150 


1390 
14.20 
1450 
1480 


. 1510 


1540 
! 570 


1720 
1750 


111780 
1310 


45-051 
40.140 


47.581 


38.332402 
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46.629 ; 
47.100. 


48.979 
149-430 
42.8892 


48.517 


48.052]; 


59.339 
50.7 82 
51.223 


51.661415 
52.094 4Z⁊cO 


1840 


1870 
1900 


1930 
1960 


20.0 
31.9300 20560 


32.3902 100 


2150 
333092200 
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52.5244250 


52.951 
53+374 
53.793 


$4-701 
55-441 
50.1 13 
56.777 
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reckoned from the Meridian of London.—Places marked thus *, are by 
Celeſtial Obſervations, others not ſo marked are from the bel Charts and 
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175. G57 if Enknd from London Lat. | Long. 1 W. 
: ff FN, Fe VVV 
| to the and's En 1 | ; 
: $4 Ram Head. 50 18N. 4 IfW 5 3 | 
+ == | ; Tat. Long. H. W. Plymouth 50 22 4 10 |6 i | 
. M. ] D. l. H. rone p 450 7 [447 |5 7 | 
I * LONDON 51 32 N. o OE. 2 46 * Deadman's Pt.5 12 | 4 54 | 5 + | 
1 1 Green. Obſ. 51 29 | 0 5 * Falmouth . 50 8 5 8 571 | 
r Woolwich 5s Manacles Rocks 50 2 5 6 f5 | 
7 (UE Purfleet Black Head 5 & Fs io 3 
<4 Graveſend [5127 | o 28 | * Lizard Point 49 57 | 5 14 | 5 | 
Rochefter 51 23 0 38 Mount's Bay 5 8 | 
Nore « ef$1 28, | 0 51 [12 2 Runnel Stone 300 .4-$$-4-5- - - 1 
N Fore land light}51 25 1 32 f 4 Wolf Rock » . 49 36 6 30 ñ᷑ 4 2 | | 
is A Sr 232 | 3 30 110 2 Land's End ,-j50- 6 | 5 55 [4 2 | J 
* Dover n | 1 24" r (Scilly Inna, 8. 5 gs | ( 
- Dungeneſs 450 52 | = 5 10 part . 1 
een . 53 | „ 47 „St. Agnes Lr. | Ii 
3 * — 50 44 | 26 ſro 7 + - Scilly: --- > 49 54 6 42 42 hi 
„ Shoreham | 5 50 47 | © 11W| 9 42 * St, Mary 5 do. 49 57 6 36 '4 3 1 
unde! 1150-46 1.0 26: :}'9 4.4 FD | 8 
by © Selſey Bill „50 430 41 | 9 3 The current in the mid. channel is N. E. „ 
I Owers, S. E. Part 50 36 o 36 | 9 + about x H. 30 M. after high water; and it | | 
2 + * Portſmouth To. 50 47 | x o {11 4 {[runs”off Dungeneſs 4 H. to 4 and an half | F 
ide of Wight. | . | ; hours; in the Downs 4 hours; and eaſt in | [ q 
„ * Bembridge. | 13 . |;the King's channel, 3 hcursafter high water. R 
% * Ledge or Pointſso 40 59 ür 34 The following table ſhews the time of high | ; 
2 2 5 Dunnoſe -159: 83. 4 7-90-49 water at the principal headlands, &c. in the | U 
= mk Saint Cathe- 5 Channel, on full and change days, and the R 
|  xine*s Point [50 39 | 114 | 9 _ time thy current runs after high water. 
* Necdle's Lts. 5 nd +&.| 
1 Poel Harbour 50 4225 ꝓh 
ee ee 1 The e after H. W. | 
* Weymouth -- 140 37 2 30 I 6 4 High Water: H. M. H. M. 5 n. 1 
Portland Lights 50 31 | 2 33 7 + At the Lizard atj 5 03 18 8 * 
3 Exmouth Bur 150 37 3 18 6 3. Off the Eddiſtone 5 301.3 02 = 3 30 
. 8 * Torbay, Berty|- | 96 Off the Start 6. 101 2 300 8 8 30 
2 cs He ad „3450 22 1 3 22 6 4 OH Portland 7 151 3 0 2 8 10 15 
Dartmouth 50 18 3 33 6 + Off I. of Wight 8 14 3 15 38111 30 
eint 50 3 406 Oc Arundel and} - ths | 
Paul ditto -. 50 83 47 |] 6 Shoreham 9 15] 1 1605 210 40 
„I * Eddyſtone bi; 50 8 4 18 | 5 4 Off Beachy 9 451 15jw er 
. . HandPeops 2 501 * 4 22 . 4 Otf W 410 30 4 0 4 2 30 | 
. 5 4 Nor z. H. W. fangs for high water z R. for river; ; for iſland 5 P. fs point, ad C, 


2 r. 
1 b The ion in the Engliſh, and St. George's channels, is 252 30, and on 
1 = che eaſt coaſt of England 25 weſt, and the Orkneys and Shetland iſlands about 23 points, 
1 on the weſtern coaſt of Ireland 24 points welt, and is found to vary between A1 and 13 
I minutes weſterly every year, or a degree in 51 years, therefore by adding a degree for 


every 55 yeals to the variayon here given for E379 5, Taps will have the variation want 
wy 1 year. | Y | 
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3 gl — — * 

From the North Foreland . e os 9 
Duncan's Bay Head. 55 Long. | HW. oY 
1 — „ Fort St. George 57 3680 : I N i 2 

Lat. Long. H. W. Inverneſs Ha 28 | 4. AWI AF 
[ni B. M. E, cmd ) 42 | 3 45 1 
North Foreland 51 25N.| 1 32 1 2 Tarbetgeſs i 56 11 55 3 
Kentiſh Knock 51 43 | 1 45 11 e eee 2 54 ä 3% f 4 
L0G Sand Head 51 48. 1 45 11 i Noſe Head © 2 58 ” 1 +35. 3, 04S 2 2 
alloper N. P. 51 35% 3” 0-18 D 1 3 4 % +5 2 TS. 
155 South P. 51 48 1 59 12 uncaniby Head 159.40; 133 Rap 9 
ö Shipwaſh N. P. 52 1 43 13 The „ 
1 Ditto South P., [52 25 1 5 12 | Per ; Ortney Ihands. _— 3 
Gabbard „ 1 4 . entland Sker- . > 
Orfordneſs ++» 2 15 1 72 £5 RF ries Re 58 45 2 ao e 1 
| Aldboro' Knaps, 3 2 [[stromo . 58 45N 2 59 [tx 12 4 
. South P. 52 15 1 49 9 South Renald- I 59 8 3 
. | Southwold +. 52 28 127 2 ſha, South P. 88 4 | 2 -- 
| eg . ; - 150 47 252 [#-M 2 
Leoſtaff Lights 52 38. . 49 9 Copinſha N 3 58 53 3 41 11 2 8 * 
| | *Yarmouth _ . 52 39 145 8 5 Eambs Head, on | 2 3 _ 
| | Winterton Nets. a 4 Stronſal J. 5 59 4 ö 5 2 , 11 20 N os Ii 
= 8 Lichts . 52 49 ½ 408 1 TO Ronald- | 5 7 Ii — — | 
= Smith's Knowl 52 57 2 2 5 a, North P. ES. LT. 3 
| Haiſborough WD 6 TT | Mould Head, on 5 23 | 1 72 n 2 2 | 9 4 
-Sagd. IP, - [43 $4 1 1:46 | Patra Weſtra IE "2 
Ditto, North P. 53 6 I = , 5 Hand: = 5. 59 21 42 a | 
| Cromer Lights 53 3 | #8 16 |'9 + ||Noup Head, on | s | 1 "4 
3 Lemon and Ower, . : Weſtra J. 59 EY 3 + Te oe 
; | : Neth P. 4-157 3 | 1:43 | Marwick Head, = OR . A 
14 itto, South P. 53 13 | 1 1] on Pomona I. | 2 © 
| Cromer Bank 53 ME, 1 5 N Hoy Head, on 59 6 3 16 | 10 — 4 . 
ed Dudgeon Lights 53 26 tot * Hoy Wells I. 58 55 118 . Wb: | 
O 5 81 3 1 | 10 a 1 
5 uter Dowſings 53 40 1 © lue Skerry 59 3/3 24 % of A 
BY Inner Dowſivgs 53 22. | © 50 5 1 Fair Iſland — 89 30 1 42 4 A 
3 Lynn Deeps . 53 025 —_ 
k. Sparn Lights . . oy 4 | 0 22 : I The Shetland Lundb. . 
it „ | : Sumbug Head, 4 — r 
. 2 10 6 2 5 my '# _ 
ll i ff files Biss „„ e eee 59 SN. x 15W[ „ 1. 
ar | | Scarborough . 54 21 | © x3 ; 1 Braſfa 290 ba, $4.2 9g. | | 4 
h | Robin Hood's- | | | Larwick 460 13 b 7 | 4 
gh B. — . 54 30 0 22 2 [Out Skerries 6 : 058 . 1 
he | | Whitby „ © 3 _— Walle 10 15 5 o 18 * 1 — 
he River Tees“ 7 B alley Iſle . 60 25. 46 14: I 4 
Wo 4 Unſet, N. E. P VO K * ö 
| Done . - | Foul Iflind 50 oy X — | n 4 
i . 'LON „ is 1 41 0 25 1 — 330 14 f 
8 River 8 54 + $9 | 3- 2 * 
i | | cattle. 655 2 T | 1 The Munk Rock _— 
a WW CoquetIland +. 2h 22 2 3 : appears like a | Ws: 
| - Staples 40 gal 55 39 2 7] Ship under Sail 61 1$N.| 6 49 W "4s 
5 Holy Iſland 455 42 : To | 2 4 Fulae I. N. part | 4 * 
15 | | | Berwick : 5 4 1 4 + 2 7 a of Ferro 2 62 1 6 2 7 3 
. Abb Head 1 3 75 23 eint off ene 
320 | Dunbar 5 — 8 - 3 Mygenes III. e 
3 . Lights 56 11 2 4. | : I . W. part off 5 
1 IN 4 2 rro 2 5 2 + „ 
„e ee, 13.9923 3 — 6 H. 
ö | 5 1 ** > TT Ti. 
40. 4 Mouth of Tay : 56 — 4 3 38 4 Þ "Prong Pond LY Bay. "Hut 3 to a | 
RS Fang 56 29 + 29: : 1 Land S- En. © 
on egg 56 38 2 8 EY ns 2 * 
Wy M 3 Duncanſb) — —ͤ— 
„ ͤ— $1594. 12:24 eee ee 4oN 5 e 
1e Aberdeen 5 7 | 2 4 ſ½ 4 |[Faront Head % T £3 IR 
e for eter Head „ 57 34 r 42 2 nt Head 25 36 „ 2 
y for Buchan Neſs . 25% 3x | 1 B „ 
1 Kinnaird's Head 37 39 | 44" 13S Wh Barre Head SE 36_ 5 20 - | 
2 Bing: 4,5 57 32 8 : 705 3 A Rock ſcen at R Coe 
; , [EIT 5 . 2 ; 2 a * 4 
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. H. 1185 4 & = : Long. 


8 ; D. M. 
Bara J. 1 ** 2 . 54N 8 i 

N Rena Ifland 58 55 6 5 trance of ditto 
I Rockal . I Fartland P. 
| [ St, Kilda +... |; i |Paditow EDD © 


Mort p. S. En- 
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> NAG 


Butt of the Lewis Towan Head | 
Gallan Head St. Ives Bay . 
Flannan I. Cape Cornwall 
Hiſkere J. The Seven Sto 
Bara Head ... The Wolf Nock 
Rocks very dan- The Land's End 


gerous The i/le of Man. 


Cana Iſlands . 

Hyſker Iſlands Calf of Man „„ 

Rum I. Weſt P. Douglas „% „%%%/%/;˖ö%⁵¹] 

Tircey J. S. P. Ramſay Bay . 54 17 4 38 
Point of air 54 25 | 4 34 
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| Bomfhly Recks 
Ireland. 
Ditto, South P. 


I” 4 
| . Colt I. North P. 
| Peel Hill 184 12 4 57 
| Skerzyvore  ..«|5 | 
r. = 
| Cape Clear 451 15N.| 9 50 
| 8 1 1 85 Eo | Fatnet Rock . 51 139 55 
Mull of i - : arg rs” > 94 18 105 
Light-Houſe 8 2 zen Head n 10 10 13 
I. of Afran, S. 8 = ee ee, i nt 
| EMS Bantry Bay +. * Jo 
| Power EF. En- - Bren 2 10 
ö urſey : 6 10 
ance pt ue Bull Rockxkxk ＋ 110 
3 Cow Rock . 51 10 
Soda 23S. 420 
Kenmare Bay 10 
Lamb Head _ ... 1 
F 10 
Hog's Head 51 41 10 
Bolus Head C. - 9h © © - 
[Skelling's Rocks 0 1 
Lemon Rook 
Bray Head. 5 
Dingle Bay 
F6ze Rack 
Fretter 38 1. 
Tiraght Rocks 
Great Blaſket 
Ennis Thikan <.. 
Dunmore Head 
Dunof ling ! Head 
Brandon Head 
The Seven Hogs 
R 
Kerry Head, 
Entrance of 
Shannon Riv. 
Loop Head. N. 
Entrance ditto 
North Arran, or 
- Ooty ot 
Galway Bay ++ 
Sline Head 
Ennis Shark I. 
Ennis Turk I. 
Clare Wand 1 
Achilf Head s * 
Black Rock .., 
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Light 25 
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3 Hd. 
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n 


Lat. | Long. H. W. 
| D. M. D. M. H. 
Broad Haven . 54 15N. 10 290 5 
Stag Rocks, off 5 
Broad Haven 54 21 10 24 | 5 
Down Patrick | 
Head (54 $$ 49 $8 {| 5 
Sligo Bay 54 15 |9 I8 | 5 + 
Ennis Murray I. 54 24 | 9 18 S -- 
Donegal Bay . 54 30 9 6 35 2 | 
Tillon Head + 54 38 9 25 5 2 
Arranmore . 54 58 [9 8 | 5 1 
Tory Ifland . . 55 x5 | 48 | 4 2 
Lock Swilljxß 55 17 „„ 
Malin Head 55 24 7 46 | 4 
Enniſtrahul „ 1 
Rocks 455 29 | 7 35 | 4 
Iniſhoan Head, 
Entrance of 
Londonderry. 55 16 | 7 16 | 4 
Bengore Head 55 18 [| 6 44 | 4 
Rackhin l. W 8 
Point „ „„ 
Fair Head 55 15 | 6 22 10 4 
The Maid's | | 
% Noch „ 1446 140 4 
Belfaſt Loch 54 43 | 5 45 16 £ 
Copeland Lights 54 41 | 5 33 0 4 
St. John's P. £4 i 
Dundrum » 6184 13 6 © |I1 
Carlingfordloch 54 o | 6 12 10 4 
Dundalk 53 57 | 6 27 10 f 
Drogheda Bar . 53 45 6 22 [11 
St. Patrick's I, 53 36 | 6 10 [11 - 
Lambay Iſland 53 3x: | 6 7 [11 
DUBLIN . ....j53 22 | 6 22 1 3 
Wicklow Lights 52 59 |.6. 7 10 
| Wexford - +005 52 - bs BP 6 30 8 * 
Tuſker Rock 2452 12614 8 4 
Carnſore P. 452 4.1621 8 3 
The Saltee Rocks 3 F630; | 5 4 
Hook: Lights, | | | 
8 4 
Harbour 52 37 3 | 4 £ 
Dungarvag: Wh %% | 3 
Helwick Read 51 57 36 5 
Voughall 51 30 -4-9 33 5 
Cork Harbour 51 41. 3 23 4 
Kinfale Harbour 51 34 F é7tN | 4- 
Old Head of | 
Kinſale 4g 30 34 4 
Seven Heads 51 27 3 
Dundedy Head 51 25 9 8 4 
"I, Stags, off | l ä 
or Head . 51 x 23 
Baltimore Har- 1 | #72 | F 
Dur zi 26 Hy -46 fa 
From Calais to Scaw. 
„Calais 3508 571 7 Þ 
Gravelines es 0 4 16 
* Duokirk . = 4 42 ab 
* Newport n $f 2 52 
* Oſtend „ 
Walcheren I. Weſt P. * 32 3 26 


Goree J. — . . 451 53¹ 
Schowen I. — . . 51 47 
* North Gate 52 1 
* Rotterdam 41 56 
* AMSTERDAM . 51 
Texel 564 
Bremen —— . . 453 23 
Elbe River, Entrance of 54 4 
Hilige Land Light 4 11 
Helmen 2525 „„ 457 "Y 
Robſnout „ 
Scaw 6654 6% 


— 


| From the Scaw to St. Peterſburoh. | 


Naze of Norway . . 57 59N. 
Fer Light — . . 459 5 
Chriſtiana — . 59 50 
Frederickſtad . 459 IO 
IPPaternoſters ve . 457 54 
| Marſtrand Light «<..++[57. 54 
Wingo Beacon « «+167; 38 
| Gothenburgh „ 
Leſſou I. Eaſt P. 457 20 
Weſt P. 6 17 
Trindelen Noce 57 25 
'Knmmel Bank „„ 
Nidigen Light „„ 
Warberg „ EE IM 
Falkenburgh „ 0.190 56 
'Halmitad —— . . 456 40 
Halland's I. Wader 36 26 
Koll Light + 5+ - 56 9-4 
Anhol: Light . 56 44 
Haſe lo I. 2. 456 12 
Hialm I. . - +. £0" :06 
Cronenburgh Light 56 3 
* Elfeneur 5 
Huen l. North P. 56 55 
Lenſdſcrone 3 
* COPENHAGEN . J55 41 
Saltholm, North P. [55 41 
Falſtrebo Light ++. 155 21 
Lubek Eh 51 
Dars Head <+ +. 454 18 
Bornholm I. N. E. P. 55 19 
It S. W. P.. 54 57 
* Dantzick +» [5428 
Oland, North P. 56 11 
| South P. 657 24 
Gotland, North P. 56 55 
South P. 57 55 
'GoltſkeT. . . 53 16 
Memel | — 55 42 
Swaf-rort Lights . 457 55 
{ Domes Nets Light. 57 48 
Runoe Light — . 457 49 
Riga 3 57 2 
Dogerort Light . 8 56 
Hengo Wyht 5949 
FIST OCKFIOLM —— 5921 | 
* St, Peteriburgh «.+ 59 56 
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10 
10 
11 
11 
11 
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10 
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11 
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14:26 "From the Were to Archangel. | | | Tom 5 . . 

; 1 4 Tat. Tong. Avranche . 48 4IN x 17W} 6 3 
r | 7 . D. M. D. M. * St. Malo ©» 48 39 4T 56 6 2 
88 * The Ne 47 50 N.] 6 4E. Cape Frehel 448 48 2 22 
I Judder, or Walbert' 5 Hd. 55 34 | 5 55 St. Brieuxx 48 32 | 2 48 8 

Liſter Land 58 9 6 45 De Brahät I. 43 52 2 52 | 7 Z 
Rutt's I. 58 42 5 58 Roche Blanche 48 59 3 52 Fi - 
- Great Wylingſoe Light- | St. Anthony's N 
„ Houſe: : „„ „ Lights 48 40 | 4 24 | 6 
Stavanger. „ is 56 6 5 Uchant, W. Pt. 48 29 | 4 58 [| 4- 7 
Uiſter's I. ©3469. $4. 51.5. Breſt +143 23 4 25 | 3 4 
Bergen 60 12 5 50 Point Raz 48 2 [4 40 
Mus Sound „ . 60 18 5-30 Point L'Abbe 47 48 4 11 
Sillewoog I. „60 36 | 5 21 Illes de Glenan [47 44 [4 © 
Kate Noſe 5 e$101/25 - | $:4% [&Qrient « 47 44 | 3 21 
_ * Pronthemn, 8 2 P. | Iſle de Groa 47 36 328 
+»: Weſt] 63 26 f 10 [Guiberon 47 34 | 3 5 | 
* Werro, I. Var. 14 P. = * Belle Iſle JJV 
Wet „„ 67 43 9 7 Houat Iſie 147-20. 2 57, 
North Cape, Var. 1 P. Dumet Iſle: . 47 15 2 52 
Weſt 71 10 26 10 l Nantes 47 13 x 25 
Fiſhers I. Var, 1 P. W. 70 2 32 5 Nourmouſter I. 47 2 | 2 10 
EKildume 1. Var. 4 P.| | Dieu fle 46 42 2 16 
> + Weſt . . 69 18 33 45 Roche Bon 46 14 2 21 4 +$ 
* River Nola, Fntranch, Ree We «140 15. 41x 28. | 3 + 
| Var. Z P. Weſt 69 13 33 35 Roccrelle 46 0 
1 Sweetnoſe, Var. Z. P. W. 68 o 37 3o (“ Rochfort „ 
I Orlogenoſe _. 467 o 39 23 ||Olcron Iſle 169 43-42-39 
III Croſs 1. Var. P. W. |66 19 38 50 Cordovan Light | bs 
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Sunda 


* „ „ 


Bearings of a Rock on 


which the Indoſtan 
ſtruck in the Straits ot: 
Sunda. 


19 57 


14 50 
[14 22 
Andaman 1. 8 


E 8 — be v wy Ov 
w 
Un 
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5? North 
Pk. on Crocatoe 8. 15 W. 


Þ peak an Tamarind I, NI 
6 . ; 


Caprain M4ntoſh rowe 


o 
; We. a” * 


** 


round the Rock in a 


Lat, 'F 
3 D. M. 5 


5 47N. 


8.35 
5 28 
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Circle of ten Fathoms, 1 
and the Boat was never. 
in leſs than ten F athon N 
Water. : — 
* Chriſtmas I. 4 30 [2 
Coco Iſland „ 
* J'va Head, or W. P. | 6 45 
| * Eat P. 8 37 
North Ifland „ „ 
Peak on Crocatoa I. 6 8 
Peak on Tamarin . 6 84 f 
. 1 Zeeclip | „ 
* Batavia in ditto 6 10 
* Bally Straits, South 
Entrance | 8 45 
jj * Bally 1, South Point | 8 56 
Lombock Straits 9 120 
Straits of Maſs , , 49 © | 
Straits of Sapy _ _ .} $3911 
Sandal Wood I. „ '945>} 
Rotto 1. „ 
Timor I. Weſt Point 10 15 
* Pul., Runda »*.+ -| 5 $9 
* Pulo Wa V 
* Pulo Braile . Ke 3 
* Pumatra, Weſt Point 5 25 
* Achen, in ditto 1 5 22 
* Bencoolen, in ditto 3 498. 
* Eaſt Point +» «145 53. 
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Tann IV. Or LArrrurzs AND LONGITUDES. 
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75 2 1 the China Seas to the i : = e 2 
2 ward of Java. | * Gilolo I. N. Point | 2 179N{[127 205 
oh 3 RE 1 Long. 1 * W. Point I 3, [37 1 | 
55 FEB | Ib. M. o. M. ri „%% aL IS 1x29: 56.6 
Banca, denk. 11 338.16 ok. : Tiras l. —— 4 — 2 = 53 ] 
. 12 FE. | . 1 * #s I 
* L Mt ET „ Sutta Mangal I. . 3 a 17 
| ucepar?, 8. Entrance] Nr 8 43 26) 
to the Straits of Banca 3 12 106 10 ||, Burro I. Weſt P. 13 3 125 43 | 
I Monopia Hit 2 o för 8 ||. 3 yy . | 2 36 [125 41 | 
Billiton, S. E. Point 3 6 108 15 ee e angerous| 19 5 
; Bintang,. E, Entrance to nfs oal off Bouton I. 5 25 122 8 
clone pc of Sincapore o 18 [105 15 * Bouton I. S. P. 5 42 121 It 
| Spirit INand | „ .} o 7N. 106 30 #* Toucca Baſſie J. | 5 35 123 15 
E - Julian's Ifland © o 45 tos 38 5 Balataya 1. VVV 
; Timelaniiland” .. - - i 0 1907 Be. If Cambonal, \, [5 29 226 
Victory Iſland « + | x 28 [10g 55 Salayer Straits 5 44 120 6 
Wood 1. - + « -| 1 34 jiog 47 “ Celebes I. S. P. 5 42 120 6 
F Saddle Ine 2 179 105 44 FFF . 
ö Anambas Iſland 2 47 106 15 | N. W. P. 3 . 
N 38 „„ 2 44 5 108 10 Je + + 3 5} 5257 iis 3 
Y ulo Tinoy I. » +} 2 30 [105 52 uciitva %%% 
** Pulo Arbe 1. 2 30 [104 42 Paternoſters in the Straits 
* Pulo Timon I. S. P. 2 49 [104 24 of Macafhr 
* Pulo Brata 44 45 [103 30 Pulo Laut, S. P. | 
Polo Lazen . .| 7 17 102 30 i Great Solomdo .| 5 28 [113 8 
f Ridang I. - + «| 6 20 102 37 : Lubeck I | © of $47 1812 13 
| | * Pulo by ” 338 30 103 1 Cari mon Tava I. | T4 43 1110 10 
'Two rs Vo 32 0 47 Norx. In theſe Seas there are many | 
Polo Condor . . .} 8 4x j106 10 || thouſand, Iſlands, ſo that it would be of no 
0 * Pulo Sapata » 110 4 [108 42 | Uſe to lay them down here. Recourſe muſt 
* Elephant | „n „ 13 16 be had to the beſt Chart. 
South Sea Caſtle I. | 3 2 30 112 17 . New Holland. 
Paracels J. 3 4 * 30. pet 22: ST 8 W Cape. 43 = 746 "i 
I outh b. fr 37 1109 0 8. E. Cape. [a3 46 (747 5 
4 M--clesfield Bank, N. by ' ** i 
N t St. Maria's Ifles - [43 20 148 10 
_ « Foint 16 6 J 114 10 * St. Patrick's Head 41 44 143 20 
3 South Point 15 15 114 20 || + | 
Sn | Cape Howe. . 37 2% 149 54 
{ Scarborough Rocks 1's f 12 |» Cape Dromed . 146 21 150 4 
© | Hainan North Point _.[|2o 2 110 1; l 8 Ba TE) |: e 
uf - South Point 18 12. 109 20 ||, Post Tackſon 8 = 5 5 75 
; * Formoſa, South P. 47 47 [120 52 || Cape Hawke — - 2 = YL 
I Pratas Racks O 30 8 15 * Smoaky Cape 30 49 153 7 
. Triangles Rocks, . „o fi: © ©j[ «4 Cape Danger . . 428 7 152 28 
1 „ 1112 22 ffs Cape Morton [26 57 153 22 
* 4 * Borneo, 9. W. Point 2 458. 109 28 * Sandy Cape 5 44 45 155 2 | 
> * 8, E. Point | 4 15 [114 25 |i+ Nepp, ub. 350 40 
mm. * 1 ar ang | 6. = 4$- 92 Cumberland I. . 420 30 1148 45 
3 N . TH N. 3 1 2. 116 59. * Cape Cleveland . 119 10 148 5 
Fon BEE 1 oint 7 0 45 | * Cape Flattery RS 14 52 145 10 
1 1 * Bo "IE In he | bi * Cape Conway . 420 44 148 30 
| 3 12 | mg: 65 7 30 117 2 8 Cape York . 41% 4% j141 37 | 
ease * 2 42 117 Pn, Sa — 110-19 139.24, | | 
| Palawan, 8. -Point | Is 28 [11750 |  _. New Guinea. * 
| N. Point f 20 119 46 . W — — 9 
. FSooloo I. E. Point * I & 57 ua Cape N 48 408.136 30 : 
I Celebes, S. Point Se 485: 120 6 | Eaſt Poiht'| 6 20 15 . : 
JN. Pont ES oN.ji2z4 o ||* Louifiade Iſles, E. P. [ro 35 I £ 
I! Luconia, N Point” 5: 120-45 120 45 | Weſt Point | x 30 39 
* Manilla in Luconia 14 35 120 39 || * New Britain, Eaſt P. | 4 53. 1539 
* Karkdang J. S. P. 3-52 [126 14 | Weſt Point 6 o 149 20 | 
„ b- - E. P 422 126 20; || * New Ireland, Eaſt P. | 5- © 152 60 
Fr n Wes rast | 2 20 (14 20 
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Dy 7 11 
Tcl . m 7275 2 = * Sandwich Land, V. p.37 208449 $6 
r EATON 3 * South dite 0 127 277 
e a Lat. Long. 3 
10. M. | D. 5 b . Georgia. , 2 bs = 3 1 N 
A Rock a above Water 1:3 178. 98 30E, C. Buller 53˙5 137-4 1 
; 421 C. Charlotte 2454 32 : 1 4 | 
Cloats Iſlands „„ 93 27 T * 3 18 
Tryal Rocks « +120 40 Jroq 30 C. Diſappointment 506 58 17 
Roſemary : * + {20 30 110 4 C. George * — 17 5 0 ' 
Abrolhos Shoals - [23 30 [112 45 [C- North — 454 4 1 
Kereuellen Land |28 41 96 4 Sandwich Bay — +154 42 | 
— Saunders Iland , = 54 1 
Wallis's Iſles WA o 1 
and in the Pacific Ocean, lying 22 47 
between New Fam and Gage The 2 of Iceland. Tt 
Horn. | | TEE * 2 * 8 7 55 NF. 22 a 1 
. — Vena. Seiz | { 
Formoſa, "SaathP. an. 7N-120 or: Palrixfiord . . 465 36 1 
| North P. 25 15 122 13 * Straumneſs . 165 40 Þ 
* Tayoan in Formoſa 22 40 120 20 North Cape F 1 
Great Liqueo, S. P. 25 15 128 30 . „„ 74 1 
Nerth P. 28 128 39 [ Rikeſiord „ © 1 
Xuno I. South P. 31 Fra 131 59 [long Noſe 1 1 
North P. 34 45 131 30 [Balaneſs „ „„ . 
Niphon, South P. 33 30 135 © [ Enchuiſon I. . 65 © . 
North P. VE Engelhoaſt 464 3a N ; 
Matooſmaee 2 30 149. JO Wreeland Is « eib4 5 1 
Kamtſcatka on the | C. Hekla 3 63 PL, 4 
Main, South P. 51 © 1456 30 — 4 : 
Peering's |. South P. 54 o 161 30 l Coaſt of Greenland, Þ 
| Ladrone Iſles, Northern-. | — * = 
5 moſt 8 21 0 114 6 f * john Or Manen' 51. 71 3 1 
Hits — Soutbernmoſt 8 114 6 [Cael Hamkes Bay 5 © F 
* Peſcadore iſles 10 30 164 o' Rontekoe I, * +173 27 
Tl Huahine J. +26 448, 151 o Charn P. „„ 28 2 
; St. Bartholemi + 14 20N.156 30 Dangey I. — » +07 23 
10 I. ern » 634 @. Wa 26 Herjoſis Neſs „ 
20 Sandwich Iſles 517 415, 168 39E. Whales I, - + +j02. 30 
54 Northernmoſt 22 o 159 30 O. Diſcord 55 60 50 
"4 * Owhyhee, South P. 20 0 155 30 > Prince Chriftian 9 55 1. 
20 ® Queen Charlotte I, 19 18 138 4 C. Farewell „59 38 
31 * New Hebrides, - 3 C. Deſolation 3 
th iros C. „ „% « 14 40-297 2884 . 
go ne Northernmoſt 14 30 185 45 | Davis s Straits. 
28 Southernmoſt 20 30 169 30 C Reſolution | 162 DN 
22 | * Ballabea I. : 20 7 164 48 [C.. Comfort 462 75 
1 | | * New Caledonia Pud- 3 Hope Harbour . 463 55 
40 4 * „ «20 is 164 47 [Gilbert's Sound 4464 15 
45 8 85 Colenet „ 165 1 Cook en Sound 64 30 
5 (| * Charlotte's Farelandzz 15 167 29 K Chriſtian's River [66 7 
10 | North P. 20 o 155 39 || Muyſketto Cove 464 55 
30 >, O. Coronation 22 5 267 14 Rome! Fort . 
7 Wil * Friendly iſles, Norten „ [{ Difea I. S. W. Point 69 6 
1 PORE + +» «19.39 174 TW. Waygate I. 570 40 
f i 77 athernmoſt 21 30 175 10 [| james's I. C. Redford 68 30 
3 08 Nabe N. W.end17 32 152 [Cumberland I. S. P. 66 0: 
1 0 cakece,OatipebaB, 17 45 149 ; 8 r of Good Fortune 64 FL ; ; 
2 0 Hood's J. 9 26 138 46 C. Elizabeth ! % 5 64 
0 7 New Zealand. ; | | Reſolution 1. C. N „ 
2 W ZCAlancse a | 4 A 
2» || * Duſky Bay . e456 47 166 24k _ — — * 4 — . 
9 | | * Palliter's C. 41 38 175 24 4 = Hudſan's Bay. 4 5 
WP: 1 | * C. Farewell 240 37 172 47 PO EN eee : 24 
30 | * Turnagain E. 40 26 178 3 Button's Iles © +. #60 47Nq65 76 
20 * North C. „ 4 10 167 10. Lowe's Savage I, 61 48. 166 20 
E South Co „ -47 20. 167. 30 | Terra Nieva + » 62; £168: v6 


Teer 1. Or Laverrumes AND Lonorrvvs. 
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— —̃—̃̃— — —_ — 
; * e 5 Long: "EM: | | > A 
| MD. MH ; _ | 
ee 352 oN. 58 10 Mauſundland 
- "Great Rear 1. 454 4 79 56 ||— - 8 
% 4462 o 669. o. | | Lat. | Long, 
- Baker's Dozen % © | | D. M. JD. M. 
Great SavazgeT.  . 462 25, 70 © ele Iſle, Var, 209 30 
North B 4e 26 ½ xo || Vet + 451 55N.[55 25w 
God's Mercies , _ 52 28 %% 48 || Quirpon Harbour [57 40 [55 34 
Salifbury l! 463 30 76 50 || St» Anthony's Cape 51 17 [55 39 
. Vottingham, E. End. 63 35 76 45 Hare Bay 3+ © a[5t I3 155 56 
Ear - .C. Charles, Eat End 62 50 4 15 || Groais 1. „ 5 
. A Weſt End 62 40 76 o Green J. 450 47 55 30 
beg Illes 447 36 |57 36 Hooping Harbour 50 46 (56 13 
= 46 Walſingham, - 192 40 78 0 White Pay . * E 50 15 56 20 
C. Diggs „462 45 78 48 ROD Iſlands „456 21 56 46 
Mansfield, North End 62 40 78 o St. John 456 16 |55 33 
| South End |61 35 [81 30 5 of Notre Dame 50 o 355 30 
Steepels 1. 4 ed io 81 30 || Twillingate Hlands 50 3 [54 35 
Great ditto © « +158 35 81 30 || fogol. 450 0 [53 49 
C. Pembroke . 162 57 82 10 || Gander. Pay * +149 40 154 10 
Large Swan's Neſt J 20 [83 30 || Wadham Iſlands 149 34 53 25 
C. Southampton «162 10 86 10 PC. Freess « 49 34 52 55 
Churchill River 458 47 [94 7 Funck ! » 150- 1 152 12 
Charlton I. 52 3 [79 5 || Parrow Harbour «145 50 [33 © 
Port Nelſon's Shoals 57 35 92 30 C. Eonaviſta « +145 52 152 35 
Hay River = 3 $7 10.1629 Trinity Bay „ 143 30 52 © 
Se Ap a | - P., of Grates 48 22 52 30 
©. St. Francis 47 54 52 25 
A St. John's Barbour 47 32 52 20 
From Hudſon's Bay to Quebec. e ee 47 — | 57 30 
Button's Iſlands 8 wn 47 N. 65 16 56 1 +4 5 1 1 
Black Head 459 50 63 32 [C. Broyle : : 47 3 152 30 
Falſe Black Head +159 20 69 14 [e. tallard „ 42 37 
Cardinals! 458 50 | C. Race 5» = 40 Jo 52 44 
Seel s. Virgin Rocks „446 30 50 18 
rat [. 3 C. Pine 446 40 153 15 
; Sadel Iſlands 8 if St. Mary's Fay 8 46 50 153 30 
Inchanted Cape : E. St. Bare's „ 46 52 54 2 
St. Peter's Harbour | Bay of F "7 8 47 e 54 30 
, „ . pea, 3 
1 . \ C. Harriſon Chapcan Rouge 46 52 155 17 
5 Great Bay of ER Se. Peters 1 446 36 55 6 
C. Charles 3 Langley J. 46 42 56 15 
Vork Point 2 Great Miquelon 446 55. 156 16 
Red Bay „ | Burnet | «<2 © 5 3107 15 55 56 
Black Bay Fortune Bay 47 16 (55 30 
Red Clifts .* * Penguin” s Iſlands ' +147 24 x 0 0 
Forteau Bay 4 Runney I. 47 22 57 25 
Grand Point . Great Barriſuay 7 37 | 57 40 
FPſquimeaux Bay * Burges I. 447 32 5ô⁷ 37 
Haha Bay : 3 C. Ray, Var 20? V ec[47 37 59 10 
ou Mecatina P. Cod Roy IJ. 47 5 [59 38 
Littte Mecatina Jlands {: C. St. George, Var. 19 W. 43 30 5 8 
Moum Joli + 3 South Head 449 7 58 21 
F ſquimeaux Iſlands . FC. . Gregory, Vat. EET 
Mangan 1. V 228407 Weſt - 149 22 58 12 
* Crand Bay, St. John's Bay St. paul 39 50 | o 
Seven l Ba 10 „ 
15 a 0 {Ingornachoix Bay 50 38 55 | 
ohn's I, % XD" 169 36 
ele Bay. Fat Ferolle 1 8 25 5 & 6 
Lenk n {i Bay St. Barbe o 51 1 5 56 48 
e Rocker , = C. Norman 5 40 55 57 
St. Paul's a” Ss | Limits of the Great Bank Hy 
. | + ” # |} of Newfoundland, North| = . 
. „„ 
3 South P. 4x © [52 9 
I 47. & 145 9 


Outer Bank 2 


2 * 
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N * rr R — 
W — FLO < 8 * 
* K ' | ou N * * 7 7 
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Lat. | Long. oh 4 
T's be oO 2 of Lau es” [D. M. . 1 4 
- 2 clam Pay, Var, 14 12 AP SINE 
"avg > Lat. Lonk. Weſt —— 44 34N. 63 S 
% . D. M. D. M. port Jackſon 44 13 64 
St. Paul's 447 IN. 59 55Wilifle of Hope 43 53 64 39 ( 
Bird Iſlands + . 447 55 60 36 Por Roſeway +143 40 |65 2 
Brion I. | +++ +147 52, 160.55 [C. Sable, Var. 117 is | > 
Magdalen I. N. E. P. 47 4* 60 55 Weſt . 42 27 {6s 40 | | 
S. W. ditto 47 12 |61 36 [Spal Iles 43 27 (65 55 
Entry]. . . . 47 15 |61 15 [C. Forchu 43 52 6 4 5 
Deadman's I. .. . 47 15 61 48 [St. Mary's Capes, Var] He | 5 
I. of Anticoſta, E. P. 49 8 |6r 34 || 11% 4% Wet % 10 166 7 5 
S8. W. ditto 49 22 63 18 [Breyer's I. Var. x 18 1 1 tir 2 | * 
Weſt ditto 49 48 64 18 | Weſt _ / . 144 19 66 20 | 
North ditto 49 53 |63 58 [Anapolis Royal + +144 47 05 43 5 
„1. de Bik, in the , 3 Hauto 1, 45 19 194 47 1 
Lawrence . 48 52 67 30 e. Chignecto, Entra * n 
Mount Camille «+148 37 (67 15 Baſon of Mines 7; 44 65 44 
C, St. Ann © . . . 49 3 $66 © ||C, Spencer .. [45 17 65 5 1 
Magdalen R. . . 49 13 65 18 [Mocgone's 1. Entrance | | | 
C. Rozier - +++143 47 (63 56 of St. John” s River 45 18 65 59 
O. G:ſpe and Bay . 48 41 63 53 [Wolf 1. 45 3 66 40 
Plat P. . . 45 34 63 53 [Grand Manan 1. South | 
I Bonaventure . . 48 28 63 53 ] Point 64 43 66 50 
C. Deſpair . 48 24 64 1 [Wettern Seed Idonids - 44 37 106 47 * 
M'iſcou I. Entrance of = Machois Bay . of 44 44 67% 15 1 
Chaleur Bay . . 48 o 64 26 ||Gouldſborough Hitdour 44 34 67 50 
P. Eſcuminac „ 64 39 Mount Deſert Rock 44 3 [97 50 |. 
St. John's I. N. Cape 47 2 63 49 [[. Ann Light. Houſe 42 51 6 4 Fre. 
Weſt Point 46 34 64 11 Boſton Harbour ꝗ 42 25 70 31 5 
Eaſt ditto 46 27 (61 48 [C. Cod 142 5 59-40 1 
2 Bear Cape: 46 62 13 [Caſhes Ledge, North p. 43 23 j29 40. 1 
Filſoorough Bay46 6 62 55 South = 42 58 68 58 | 24 
C. St, George, or St.| - | st. George's Bank, N 85 1 
Lewis e W. Part 2 42 42 168 5s _ 2 
Gut of Canſor, North | Nantucket I, . 141 1 30 - 
Entrance . 45 42 61 $3 Ditto Shoals, S. W. P 40 42 bg 26 | : | 
Juſtan Corp J. . . 45 56 61 22 [Martha's Vineyard I, 41 18 7% 0 . 
Min Hood 45 57 j61 20 [Noman's Land I. 47-324 100 SN | 1-4 
North, I. eff "Im 5 Rhode 1, Harbour 141 2 {71 #0" "> 
Breton . 47 1 i6o 10 [Block 1. Middle 41 10 77 72. : | Bt 
Port Dauphin, ditto 46 23 ibo 13 [Montuck Point, Long 1141 4 71 46 : 
Spaniſh Bay, ditto 46 18 59 57 * Sandy Hook 149 25. 7 0: | 
Flint I. . 46 11 59 33 [L New Vork Harbour 40.4: | | 
Scatari I. . . 46 2 j59 27 C. May 3 
C. Breton .45 57 5% 29 [(E. Henlopen, Var. 69 - 
| Loviſburg - << 145 6; (59:49 Wet} <= 
C. Hin :chinbroke | 45 34 60 24 [Pliladelpbis 255 
| I, Matum © 145 29 60 44 Falfe C.pe 8 5 
Gut of Canſor, 'South | T C. Charles 8 
| Entrance „ 46 28 60 46 [PC. Henry 9 
| ChedabuQto Bay 46 23 60 46 [C. Hatteras - 
| | Ditto Shoals, 8. w. P. 
| From Cape Canſor in Nova- Scotia C. Lookout 3 
| ? 3 Cape Florida. : mg off ditto, S. Point 
| | - | | car 
| Sable 1, Katt Foint 44 SN. 59 55 Frying-pan Shoals, f 
| Weſt ditto 44 4 60 30. ditto, S. E. Part 
C, Canſor, Var, 15 W. wr 16 bo co. George Town | "I 
Port Howe 45 13 r © haas off ditto .. 
Torbay 45 12 |6r 11 [C., Roman 
Sandwich Bay 45 8 \61 31 ||Charles-Town Light- 
Port Stephens 5. 0 [br 53 Houſe 5 ws 
Hal fx Harbour 36 (63 23 Savan bah Es 
} C. Sambro ro" 30 [63 27 Tybee Light 42 
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2 * 
Larirupes AND e, 
1 pawns 1 1 
Lat. tons. | " | Lat. Longe 
| 1 p. M. P. N. | D. M. [D.M. 
WD Royal | 432 12N.[80 * Monjes INands. 2 23N / 210 
1 River Sr. John, En. - Uh | _ {}C. Coquibacaoo z 5 [71 21 
trance 430 18 37 30 Aruba I. E. Point 12 9. 69 25 
Ausuftine Bay. | +129 47 [$1 21 [Curaco I. N. Point . 12 25 69 7 
ei. eee! 28 20 80 45. [C. St. Roma „30 h 08 
Shoes off ditto 8 20 0 40 s Point Cabe 89 2 10 31 67 26 
i: io Cl Florida © + — 25 44 go. W * Aves I. S. Part 2211 54 67 13 
i w_ of Bermudas, Sin > Roca I. 11 45 (66 17 
1 r 32 45 03 20 orchila 1 8. Part 1 44 66 3 
1 OY N. W. Point 2 25 6 25 || Salt Tortuga, E. theta 11 o (64 44 
7 8. W. Point 32 11 63 40 Blanca I. N. arch 53 63 96 
| en This Iſland is ſurrounded with Margarita IJ. N jrx 210103 13 
| 985 Rocks at fix or ſeven miles N. W dictofry - 2 63 46 
diſtance, eſpeciallyon the North fide. © IEG Three Point? 10. 19 62 25 
| Oroonoco River ee 8 25 5% 26 
BY: From Gape Pride tr Cape Horn. | Eſſequebo Nerr 5 30 58 30 
9 — = eee River * 55 * 
. C. Florida n * 44 N. * Cayenne | i 
* Dry Tortugas Shoals North i „ = 48 149 87 
S. W. Point 3 — 4 32 Mouth. of R. Amazon | © 12 51 30 
| Ne. Sable . ad $74 St. Louis de Maranham | 2 158.46 34 
. Roman 7 NM >» £120" 42 E. Baras. e 26 
„* Charlotte | : 26 432-3 ©: St. Roque © % 1 35 17 
+ Spirit. Santo * 27 36 7 75 nts cr Plends - 1 8 135 O 
Bay cf; Pn. . 429 40 85 t. Auguſtine | '|s 232-135 © 
C. St. , 429 35 B54 80. ranciſco River 1 o 36 15 
| Penfacols BE. «+ 30 I5 8% St, Salvadore 12 46 38 38 
Mobile Point — . [30 bt 8 Porto Seguro 6 36 39 30 
„ * New Orleans 9 . 429 58 {| AbrYhos Banks 8 © 8 30 
Mouth of R. Mifſiſippi 20 13 * N Santo +. 26 0 139 45 
Mouth of Rio Brava 26 7 t. Thome «+ . EI 51 49 20 
New St. Ander . 23 46 8. Fre * 22 35 [42,25 
C. Roxo i 5: * Rio Janeiro je 54 142 38 
* Vera Cruz dig 12 Grande . 23 15 143 30 
Campeche 1 Santos „EA & 45 30 
Ptaceles Shoats, N. P. 23 50 St. Catherine" 1. 27 15 149 9 
* C. Catoche 21 38 1 Port pedro "41417 44 155 17 
*L 25 7 8 4 Z 21 38 * — Sr, Mary, North| _. 
Falſe : Ht a$.. i "Entrance to R. . 134 35 54 42 
e. . point 20 3 37 * er St, Anthony, 8 S4 | 
: Oorth ee, S. F. 18 25 [37 26 . Ente eto ditto 36 25 6 27 
1 r Point 19 5 37 17 * Bue Ayres in ditto] 1 85 70 
9 82. Bokel 116 27 [38 4 . Ir, 4% Var. E. [34-35 [53 25 
. ; Glovers Keely N. Part 16 52 87 47 C 0 185.45. 
41 8. ditto * 2 N. Blanco 7 20 04 36 
1 ee E. eier 5 5 Bay St. Julian „ 19 465 38 
| aan J. Point ow j{Straits of Magellan . 152 35 197. 45 
T6 ee N. E. Point e Success 5 1 |65 21 
-C, Hondstes _ 5. e. St Diego . 54 34 65 15 
S. Cameron... 8 vi 2 654 47 54 53 
Bleck River 8 55 : 5 x; L 4 % | b. BATOIOMEW . . 54 5 04 51 
r 0 . St. ohn 56 463 51 
gen, S. Part 79 5 C. Horn 55 8 67 20 
Rogen 8 x N. ditte - 'o [80 53 
+ Sand Key, N. Part |16 30 [78 26 i} The aß Craft 0 America from 
= St;Andrew'sJ.. 1 32 % 50 || Cape Hern 7 ehring s Straits. 
Cora UMands, N. Part 12.10. a a2 
e Pbint 10 33 82 50 * Cape 1 Hom «+ +155 538.167 20W 
; 4 | ae — 2 13 79 44 5 * Barnwell's 1. : op 49 ©166 52 
| s 44, 176 40 d. Diego  ...154 33 164 6 
oo 10 27 75 21 * Juan Fernandez Is 33 30 71. 22 
„„. 27 [71 $9 Aria —. 18 29 7 $ 
8 | 2 ö 8 Bay 545 72 
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| E YTRACT $8 from: a Letter written to Jams oor Tho exc, Bp. 
_ foreman of the Special Fury who tried the Cauſe in the King's S Bench, 
4 Guildhall, between Meſſis. SAYtR and BEN NET, Plaintiff, and 


— 3 
Mr, Joan HAMILTON MoorF, Drfendant, by . 7 E= «DIM 4 


VENSON, ane of Ar. MooRE' 5 2 


j 


£ Þ HE Action was eg 1 copying of certain Charts, the property of the Plain» Oy 


tiffs, and the damages were laid at Ten Thouſand Pounds: Mr, Stevenſon's Letter was 


written in conſequence of a paragraph in the Public Ledger of March 12, 1785, and a2 


copy of ĩt was publiſhed in that paper on the 28th of the ſame month. 
Upon my being aſked by Counſellor Cooper whether Thad ſeen Mr. Sayer's Charts, 


and thoſe of Mr. Moore's, which were ſaid. to be copied from them? I auſwered in the 


affirmative, adding, that J had not only ſeen, but carefuliy examined them. Being then 


aſked, whether 1 thought Mr. Moore's «© harts were exact copies of Mr, Sayer's? Ir 


- anſwered, * No; I think they are efſentiall» different: Being pn to give the Court an 
account of that difference, | anſwered in ſubſtance as follows: That the Charts of New 
foundland, and the adjacent Coaſts, four in number, (three particular and one gene al) 
were conſtructed upon very different principles: Mr. Muure's were conſtructed upon the 


true principles of Mercator” s-failing 3 ; but Mr, Sayer's were neither Plane nor Metcator's 


Charts : they were contrary to every received principle of geography and navigation, and 


conſequently erroneous That although the taking of the latitudes and longitudes of the 
principal places from the ſame authorities, had occaſioned their poſitive fituation to be 


nearly alike in both ſets; yet Mr. Sayer's Charts, being conſtructed upon exroneous prin- 
cipies, the relative ſituation of places partook ot that error, and Fong the courle 
and diſtance from place to place, were erroneous. | 

That the Chans of the Gulf of Florida and the Weſt 33 were on both ſides on 
the Mercator's projection, but that Mr. Movre's differed materially trom Mr. Sayer's in 
the ſituation of the principal places; that 1 found no leſs than twenty-four of thole places 
to differ either from ten to eighteen miles in latitude, or from ten to es feat: miles. in 
longitude. 


Admiral Campbell, F.R.S. and the Goyernor of Newfoundland, declared to the 


Court, that Mr. Moore's Charts, ſo far from being conſidered in the light of exact co- 


pies. were really a very meritorious and happy improvement on Charrs, (Mr. Sayer's) 


which he reprobated as erreneous and dangerous, to ſuch a degree, that when he firſt ex- 
amined them, on his ſtation at Newfoundland, he was grieved for the honour of hia 
country, that ſuch a publication ſhould originate in England, and often withed to have had 


the power of ſuppreiſing it entirely, by burning all the Charts, and deſtroying the 


plates. 

Mr. Wales, F. R. S. and Mathematica Maſter of Chriſt's Hoſpital, (who circum» 
navigated as aſtronomer with Captain Cook) confirmed what had been ſaid by Admiral 
Campbell, and Mr. Stevenſon, concerning Mr. Sayer's Charts of Newfound'and and the 


adjacent coaſts; namely, that they were neither upon the Plane, nor Mercator's projection, 


and, conſequently, erroneous. With reſpect to the Weſt Indies, he found that Mr. 


| Moore's Charts differed materially from Mr, Sayer's in the latitudes and longitudes of | 


lome principal places. 


The late Lord Mansfield on ſemming up the evidence, obſerved, that the act of the k 


17th of his preſent Majeſty was made to guard the property of ingenious men againit copy- 


ing, with only ſome colourable alterations; but never was intended to prevent the making 2 
of uſeful and important improvements. He ſtated what was ſaid of the four Charts of 
Newfoundland, and the adjacent Coaſts; and with reſpect to the V\ eſt Indies, he related 
what had been Cad concerning the latitudes and longitudes of | twenty-fwur of the principal 4% 
places in that quarter. His Lordſhip alſo obſerved, that the ſituation of places was cer- 
rainly an important object in the conſtruction of Charts: and he enforced his opſervations 


by laying, that whether the Ille of Wight was exhibited in Charts where | it really ſtands, or 
placed in the middle of the Britiſh Symone, Was certainly a matter of 2! {03 pOrtANGE ta 
every intereited navigator, 


| The Jury gave a verdict for Mr. DIR | EE : 
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Et ag frem the Sunday Gazette of the 8th of March, 1789. 


on EO OE 


E 3 N Wedneſday laſt à cauſe was tried, before Lord Kenyon and a Special Jury of 
_— London Merchants, between Mr. David Steele, Bookſeller, Union-row, Tower-hill, 
= Plaintiff, and Mr. John Hamilton Moore, Teacher of Navigation, on Tower-hill, De- 
fiendant. The action was to recoyer 3000l. damages, alledged by the Plaintiff to have been 
4 ſuſtained by bim on account of the Defendant having publiſhed © A Chart of the Eaſt 
Coaſt of England, including the Navigation from the South Foreland to Flamborough 
Head, from the + late Obſervations and Surveys,” which Mr. Steele contended to have 
been pirated from two Charts of his, publiſhed by him in 1782, drawn by John Chandler; 
= -. when it appeared by the evidence of Mr. John Stevenſon, and Mr. Porteus, pilot to the 
F  dquadron in the North Sea, during the lait war, that there are a great many very material 
errors in Mr. Steele's Charts, which are corrected in Mr. Moore's. Mr. Stevenſon pointed 
out one hundred and fix places, in which Mr. Moore's differed materially from Mr.“ 


= Steele's, belid*s many others of leſs note. The Jury were prepared to give a verdict in 
=” . -favaur of Mr. Moore, but were prevented by Mr. Steele's Counſel ſubmitting to a nonſuit, 
= which ſubjects Mr. Steele to pay Mr. Moore his coſts of ſuit. Lord Kenyon declared he 


. 83 . eee e ee Jury, and expreſſed his indignation that ſuch erroneous Charts 


as Mr, Steele's ſhould be publiſhed. Mr. Moore was prepared, had it been neceſſary, with 
three other maſters of the Royal yachts, beſides many experienced navigators, to prove 
the correaneſs of his Chart, and the erroncouſneſs of Mr. Steele's. „„ ä 
2 | Mr. Stevenſon oblerved, that the Iſle of Grain in Mr. Steele's Chart was placed almoſt 
Ats whole breadth roo far back from the entrance of the Thames; and that in his particu» 
lar Draft of the Thames, which was on a larger ſcale, and therefore admitted of greater 
8 accuracy, there did not appear to be any Ifland at all. That the latter appeared to be an 
exadt copy of Mr, Diſton's Draft of the Thames, excepting that the lower part. of the 
river was ſomewhat more lengthened, which might have been vwing to the ſtretching of the 
paper in tracing, from the upper part downwards. a „ : 
When Mr. Stevenſon was prevented by the Plaintiff's Counſel from mentioning all the 
106 places in which Mr. Moore's Charts differed materially from Mr. Steele's. he propoſed 
to enumerate 13 only, which differed either from 3 to 74 points in bearing, or from 4 to 
9 miles in diſtance, but was again prevented; he then propoſed to ſpeak of one place only, 
t even in that he was alſo prevented! Ihe place meant by Mr. Stevenſon was the Mouſe 
and Weſt Barrow Sands, which were afterwards adverted to by Mr. Porteus. Mr. Chandler 
(Who drew the Plaintiff's Cha. ts) inſtead of making the Buoy on the Shivering-Sand, that 
on the eaſt end of the O:ze, and the Buoy of the weſt end of the Mouſe, lie nearly in a 
line with each other in his Cnart, nas placed the Mouſer and the Weſt Ba row- Sands above | 
& miles farther to the weſtward than they ought to have been; he has alſo thought fit to 
make the Shoe Beacon tollow the Mouſe to the weſtward. The conſequences are, inſtead 
of the buoy on the Mouſe lying 2 miles N. N.. from the eaſt buoy of the Oaze, he makes 
It to bear W. 4 N. diſtance 5 miles, and, inſtead of laying the Mouſe buvy 7 miles E. N. E. 
from the Veſt buoy of the Oaze, and s miles E. by S. 3 S. from the lack Tail Beacon, 
be makes it to lie 22 miles N. E. + E. from the former, and 2 miles E. by S. 4 S. from the 
latter. Inſtead of the Shoe - cacon bearirg N by E. from ſhips when in the Fairway, be- 
tween the Nob and the Oaze buoys, Mr. Chandler has placed the Beacon ſo far to the 
weſtwrad, as to make it bear N. W. and inſtead of the buoy on the Mouſe being ſeen from 
- thips in the aforeſaid ſituation, bearing N. W. by N. Mr. Chandler, by placing the welt 
end to the Weſt Barrow in that line of bearing, has directed them to look no leſs than 43 
Points more to the weſtward for the buoy, on the Moute ! Mr. Chandler dedicates his 
Phart, by permiſſion, to the Elder Frethren of the Trinity Houſe z but the miſ-placing 
7.4 * of the Oaze- ſend is ſo glaring, that thoſe Elder Brethren, who are fo well acquainted with 
+5 3 the Nob Channel, muit have diſcovered it at firſt view; and, if they granted permiſſion 
= without examination, they may be deemed, if pothble, more highly culpable. The moſt 
+ Jatonal ſuppofition is, that Mr. Chandler las laboured under ſometbirg, wwhith, t9 ſay the 
+ "denſe, appears wery like a miſlake ! | ; | „ 
Mr. Stevenlun defiied r. Champion, one of the Jury, to compare the northernmoſt 
| part of the Plaintiff's firſt Chart, with the ſouthernmoſt part of his ſecond Chart, and he 
Would ſee a very conſiderable difference in the form and fituation of thoſe ſands which ate 
Exhibited in both: which difference, Mr, Stevenſon ſaid, amounted to a clear proof, that 
both Chaits had been copied, and copied jrom different authorities. ' In the imail ſpace 
which is comprehended in both Charts, the relative poſitian of no leſs than 13 places in the 
ond Chart differ from thols ot the ſame places in the ficſt Chart, from 3 to 31 points ut 
Lie compaſs. | V ; 
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A Cotaligue of Net Charts, Wh 2 


5 $a Books, 5505 7 | „ 


3 ſs the Duke of Clarence, and Chart Seller: to Her "opus es 
| the Empreſs of Rufia. . 1 F 3 


P 1 1 O T 8. 
HE Complete Britiſh Pilot, including the Ge of the Na- 
vigation from London, rourd Great Britain, Ireland, Ne 
Shetland and Orkney Iſlands, on a large ſcale 3 13 6 
The Engliſh Pilot, extending round England and Scotland, in- 
cluding the adjacent Iſlands, drawn from actual Surveys and 


1 £ ; 4. . 


| Obſervations _ 2 12 s. 
ted The Iriſh Pilot, including the whole Coaſt of Lreland, with Ste. 
ar. George's Channel, deduced from the moſt accurate Surveys 1 5 0 
Za The American Pilot, including the Ceaſt of America, from __ 
_ Cape Catouch to St. John' s in the Bav of Funday — 1 11 62 mY 
arts The Weſt India Pilot, including tne Bay of Honduras, &c. o- a 
ith © large ſcale | 1.11 6 
my The Mediterranean hs, extending from London to Conſlanti- 93 
oft nople I I » 6 - 
cu- The Baltic Pilot, extending from London to St. Peterle 1 5 0 
ter The Afﬀrtcan Pilot, comprehending the whole of the Navighe | X 
a tion from London to the Cape of Good Hope 1 11 6 
8 The Eaſt India Pilot, comprehending the Navigation from Eng- | 

land, round. New Holland to Canion in China, regulated by ..'_ 
the the belt Obſervations | 5 3 13 1 In 
= CHARTS or ENGLAND, IRELAND axv SCOTLAND. _ © 
1 The Britiſh Channel, including that of Briſtol and- the South- : 
3 Weſt Coaſt of Ireland, as far as the River Shannon, conſtructed : | 
at upon the true Princi ples of Mercator's Sailing, containing | 4 
1a _ particular Charts of the Downs, Portſmouth, Dartmouth, | 5 
WS ÞY; mouth, and Falmouth, with a printed Book of Directions 0 7 6 12 
ha | The Mouth of the Thames, ſhewing the Sands, Buoys, Sound- Rk 
55 1:2s from the Nore, to the South Foreland. and Orfordneſs,  - * ==> 
E. with Part of the River Thames — o 2 
"2 BM A4 Chart of the Eaſt Coaſt of England, on Three large Sheets, e 
be | extending from the South Foreland' to Flamborough ead, in- 1 | 
uſt cluding the Nore, and a Chart of the River Thames to Lon- Ws 
m on, with all the Buoys, Beacons, Light Tlouſes, and the 2 
eſt Appearances of the Land, as laid down by the Elder Bt. 
2 M2 o thiren of the Trinity Houſe, with a Book of Sailing Direc- .. 2: 
_ tions o 7 6 
1 The Eat. Coal of Kugland and Scotland, from Yarmouth to 2 
on Duncanſby Head, Cape Wrath, the Orkney and Shetland 
| Iklands. With particular Plans of Tinmouth Bar, Stockton, 
975 dunderlend Koads, Holy Iſtands, Berwick, Montroſe, and 1 
© tae Frith of Forth, with a Book of Sailing Directions 8 6 I 
3 The Orkr, ey Hands, extending from Duncaviby Head to Cape by 
re. Wrath, with Pentland Forth, ſhewing the Variation, Setting- 72 
at of the 'Pides, with their Velocity, and- their Riſe and Fall of 
5 Spring ; and Neap, together with all the Tracts going through | 
* the difletent Iſlands o 6 6 


The Weſt Coaſt and Iſlands of Scotland, from Cape Wrath to the 
Mull ol 'Cantire, and Part of Ircland ; reduced LO Mercator's 
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— CHARTS, &. 


Prei jection, with the l and Longitude, laid down by. 

* Cele fiat Obſervations | 
” Be Georg: s and Briſtol Channels, extending from the Mull of 

Cantire to Hartland. Point, and th: Coait of Ireland, from 

Rachlin Iſland to the Tuſker Rock, being a Reduction of 

M- Kenzie's and other Surveys, reduced to a Mercator's Pro- 
4 — ſhewing the Times of High-water, and the Riſe of 
&” . © Spring and Neap Tides - at the principal | Harbours, with their 
" different Velocities 8 + — — 


. Weſt Coaſt of Ireland; from Sligo Bay to the River Shannon 
| * South- welt Coaſt of Ireland, trom the River Shannon to Caldy | 


* 2 * The Coaſt of Ireland, from. Waterlord to Dublin, on A very large 
3 Scale 
f The Coaſt of Wales, . great Orms Head to Swanſea Bay, ir in- 
= cluding the Ifle of Angleſea, on a large Sale — 
ws Dartmouth Harbour, being an actual Survey of J. Defſiou's 
pes Iſle of Wight, Spithead, and Port{mouth, ſhewirg all the OP: 
FP  Buoys; Sea-marks, Soundings, Anchoring Places, &c. on a, 
E large Scale from actual Surveys > — 3 
7 he Downs and 28805 1 Roads, on a large Scale — 


E q . MEDITERRANEAN. 


Hs, 


® ing from Uſhant to Gibraltar, including the Bay of Biſcay, 
4 * 2 and particular Plans of FORE of the principal Harbours, on 3 
4 large Scale — — 
A Chart from Cape St. inert to Malaga, including the 3 
of Gibraltar and Cadiz Bay, on a large Scale 
The Mediterranean Sea, including the Coaſts of Spain, Portu- 
gal, and France, with Sea Coaits up to Conſtantinople, with 
_ twenty-two Plans of the particular Flachen. on a large 
Scale — he 
- The Coaſts from Liſbon to Sierra Ton. including the Madeiras, 
Canaries and Cape De Verd [flands, on a large Scale 
A Chart of the Coaſt of Atrica from Senegal to Sherbro' 1 8 
3 including Sierra Leon, and the Delos Iſlands — 
rde Coaſts of Africa, from Sierra Leon, to the Cape of Cad” 
n Hope, with particular Plans of the Principal Harbours, &c. 
with the Princes, St. Thomas's, and Annabona Iſlands. on a 
large Scale — — 
The Coaſts of Treland, F rance, Spain, Portugal, and Africa” 
including the Werte rn Madeiras, Canary, and Cape De Verd 
Iſlands 
r of the Indian and Pacific Oceans, from the Cape of 


A General Chart of ol Europe, extending from Spain to the North 
of Lapland, Prterſburgh, exhibiting the Coaſts of 
M, . Holland, and the adjacent I lands 


* 
x 


0 
'North- welt Coiſt of Ireland, from Belfaft to > Slig Bay Db | 
© 


0 0 


O 
© 


A Chart of the Coaſts of France, Spain, and Portugal, _ | 


O 


* 


O 
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Good Hope, round New Holland to Canton in China, de- v 
Auced from the lateſt dane and mott accurate Obſerva- 
q 5 
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CHARTS, "Rs 


| NORTHERN NAVIGATION. . Ke 
„ "So 
A New 181 Correct Chart of che North Sea, on A —. Seals, 8 = 
including a Plan of Heilgeland, the whole of the, Navigation 1 
* from Dungenels to the Shetland Iſlands, and. from Calais to ©». 
the Scaw, with the Entrance of the Rivers Weſer, Elbe, and : 
Eyder, from Heilgeland Light, upon a "Ou large Ragged. * 
a printed Book ot Directions 0. 6 
The Coaſts of England and Holland, * che South F 
to Lynn Deeps, and from Calais to the Texel, on a Scale of 
Thirteen Inches to a Degrees with a printed Book of Dire | 
tioas 29720 ; 
The Cattegat Sound, and | Belts from. the Scaw to the Iſte of 
Rugen, including particular Plans of the Sound, Marktrand 
Haven, Gotenburgh, and Malo, drawn from the Daniſh and 
Swedith Surveys, with a printed Book of Directions 0 6 
The Baltic or Eaſt Sea, including Plans of the principal Har 
ours, on a large Scale, from the Sound to Stockholm and 
Pago Rort, deduced from the Ruſſian and Swediſh Surveys. 
Ihe Latitudes and Longitudes determined by Celeſtial Obſerva- — | 
tions, with a Book of Directions — — 29 7 6 
The Gulf of Finland, on a large Scale, drawn from the 3 1 
Atlas, and Swediſh late Surveys; with a Book of Directions 0 6 6 WE 
Wnite Sea, comprehending the Navigation from the North Cane” a 
to Archangel and Onega, with Plans of all the principal __ | 
W on a large Scale — — — o 6 6 a 


AMERICA AND Tre WEST. IN DIS. 1 


The Straits of Belliſle to Cape Cod, containing Newfoundland, 
Gulf and River St. Lawrence, Nova Scotia, Sable Iſland, and 
Bay of Funday, on a large Scale, drawn from the lateſt Marine | 
Journals and Surveys — o 10 60 
Nova Scotia, the Bay of Fundy, and Ifland of St. John s, &c. 
on a Scale of ſix inches to a Degree, from des Barry's Survey © 7. 6 
The Coaſt of America, from Cape Sable to Philadelphia, in- — 
cluding Boſton, New York, and . Bay, cn a very We 
large Scale, from a late Survey o 3-6: 
The Coaſt of America, trom Philadelphia to to the Gulf of Florida, 
including Delaware Bay, the Cheſapeak, Charles Town and _ 
Savannah, on a very large Scale, from a late Survey — 0 7 — 
The Gulf of Florida and Bahamas, including the Navigation? 
from Cape Carnaveral to Cape Catouch, the Iſle of Providence. 


1 — — 909 


and Part of Cuba — — — "DD # „ 
The Windward Paſſage, upon a very a Scale, including 1 
Jamaica, St. Domingo, Part of Cuba, Heneaga, &c. drawn 3-9 


, x: * 
" 0 


trom the late French Surveys, and the Obſervations of feveral 
experienced Mariners; the Latitudes and Lene are laid 1 
down by Celeſtial Obſervations — — o 7 _ 
The Coaſt of America, from Cape god to the 8 in- N 
' cluding Caſh's Ledge, St, Ga $ Bank, Nantucket ts 7 2 
the Floridas, &c. &&. — — 0 7 „ 
The Weſt Indies, from the Eaſt Part of Hiſpaniola round Weſt +: == 2 | 
End of Cuba, iochding tne Gulf and Windward oy Wo, 
and 5 ſhowing the Shoals Wale Keys, &c. on toat Sheet? o 1 * 


K nr wy 
* 


Canibbee or Windward and, from the | Tland of bite. 
la to Barbadoes, with Part of the Span, Main, on a large 
Scale — — * 0 
The Bay of Kea n the Swan e, and Mouf. 
2 * quitto Shore, with Plans of the particular Harbours, on a 
large Scale, drawn from a late Survey With a 2 hy Book of 
Directions — — — 1 
8 i New General Chart of America, from Hudſon- 8 Straits to the 
„ Iſland of Trinidada, including the whole of the Weſt India IE 
| . Iſtands and Gulf of Florida — — 8 
A A new large Atlantic and Southern Oceans; from Davis's Straits 
= to the Cape of Good Hope, Cape Horn and South America, 
= 7 * including South Georgia, Falkland Iſlands, and the Galla- 
= = - Pagos Iles, drawn from the lateſt Surveys ?! © 10 
1 The Atlantic and Southern Oceans, extending from Greenland 

5 I co Cape Horn and the Cape of Good Hope, thewing the Winds, 


> 


* 


and Variations of the Compaſs, &c. &c. „ „ 
LF 5 Weſtern Ocean, upon a very large Scale — — 6&7 0 
A yew Chart of the Gulph of Mexico, including the Navi 10 0 | 
tim the Weſt End of e, to the Bay of Honduras and te 
1 Gupb Paſſage — — O 10 6 
The Iſlands' of ns þ and Guernley, with the adjacent Go ts of +> WG 
France — — — — ©. 3-0 
T3 NAVIGATION BOOKS. | 
— | © fs J- 0s 
The New Practical Nav; gator, being the Twellth Edition for 1- 790 „ 8 
Ihe New Daily Aſſiſtent, or Mariner's Compaſs - - 2 8 8 
. Coaſter's ompanion x — W 
Sailing Directions tor the Engliſh ud Brito! Love! els, and the 8. Ys Coaſt 5 
of ireland 7 Es 
Sailing Directions for St. George” 5 Channel: and the Coaſt of t 'ciand - 1 
Sailing Directions for the Coaſt of es, Gulf ot Florida, Jamaic ca and : 
* Windward Paſlaye 3 ME” - - - 8 
* Books | - 3 - - - * 8 
. | arne plain, printed, and ruled, at Vat ons Prices. „ 


Alſo may be has, on the moit resſonable Terms, Hadley's . Dos anne: and Sextants, 
Worranted good; likewiſe Compaſſes, Teleicopes, Caſes of 181 nog Scales, &c. with 
all Kinds of Stationary uſeful at Sea. | x ERS 

Mr. MOORE acquaints Mariners in general, that he feils no Sea-Books, Charts, or 
Unſtrumegts, but ſuch as may be de ended nz nſequently 1 n2 excludes all thoſe o „in- 
accurate and erroneous 48 ons, the depending upon which, h:s often proved fatal to 
ſhipping and ſeamen. | N | 
He alſo Teaches NA VIGATION ;—the methods f finding the Latitude by double 
Altitudes of che Sin, ar 4 by the Meridian Altitude of the toon or fixed Stars; alſo the 
method of determining thi Lon: gitude at ea, by tne Moon's diitance from the Sun or a 
Hxed Star, 2ccorcing to the Jateit and moſt a pproved methods: and the ule of the G,oubesy + 
dea Inſtrument- and bars, in a few weeks. 


5 8 | ; ; . 5. . 
„ For Teach“ ing Navigation complete | . — FF 

— — — 42 ſho "It and eafv met nod of ! kee; IT ng a [01 urn at Ses, 2 5 5 

5 — the g uble Aluitudes and nar _blervations - 8 
| N. B. As the money is paid 4 5 thoſe „ho c nor 1 to be e 
ma; 80 eg often 15 the y Þ: eaſe till they re fo, witho: any advitional Expence. 

Board and Lodge! ng 9 8 che Houſe, ETON A 

15 * * Joun HAN T0 N Mes E M 11 be 5 t . FR 95 20 15 

„dicious ſeamen, reſy-ct! tf, the diff rent ple. the, Vit it, in d amor 4 = ; a 


publithing:-the moſt corr-ct c harte of all parts 01 2G as n World, on true inch let, 
which has Sever ye; dern done. | : | 
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a Fitzhugh * 7 EX $4.40 12 57 Anguilla, N. E. Point 118 22 62 46 + 
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bs Cook's River 3 52 * 85 0 7 | V ditto . . 0 17 44 64 25 | 
1 N 2 „6 „ „ 5 - TOI 2 f 4 5 : | . ts : 
* N 22 : 1 11 Virgin Gorda, E. Point 8 18 463 40 8 
VWA 2 25 5 The Fort „ins 18 63 54 5 
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. Stephens „2 * 71 55 3 8 die + a 64 39 
{7 Norton Sour FE: 6 . 570 24 t. John's, S. Point is 5 64 40 
« 5 „ 68 80 d. Thomas, S. ditto 18 25 64 41 
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[| Tobogo, N. E. dito . 29 59 7 . — 5 
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Ii Crenatia, N. E. P. 2 To 5 49 | 75 8 27 9 | 
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Deſerada, N. E. Pont 8 24 5280 KY if 5 [ef $9 Pint . %%% , 
8. W. dirto — 4 + 16 10 th 3 ' C — 192 iy 3 53 7 1 
[Montertat, N. W. 10 47 55 IN 5 River 3 1 5 20 
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| S. . ditło 10 40 4 8 Sava la Mer 1% 19; Me 8 
{ Red: „do 1. © * #« 7 8 3 7 850 1 ROT" . Point RY 18 17 . 31 
N 185 2393955255544 17 17 02 2.5 2 ER 3 N 18 29 31 
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"Fang TW. Or Laviropes AND LoncrTuprs, 


_ Eg 7 ö 5 | Lat. Long. | 
2 VET Gr: . 25 mg off 7 amaica.\l 1 3 a 
WEE 2 4 2 | Lat. * | Lo'g. Heneaga, N. E. Point [21 20N. 2 59 U 
r D. M. d. M. X, ditto 21 © [73 40 
: "I Key: N. E. P. 17 26N. 5 55 Little Heneaga, W. P. jz1 30 73 8 
a S. W. ditto 1 24 75 48 N. ditto 21 34 74 © jf 
For mogas . 18 31 175 39 [[Hogſtye's, the Middle . . 21 41 [73-50 
Pedro Shoals, E. P. 17 20 [77 I [Meyaguana, S. Point . 422 20 72 33 
Lictle 5 5 8 | D 600; a+ 50-107 $$ 172 84 - 
. ditto» 19 32 80 10 8. W dine z 223 (72 55 
Great 8 8. „ fench Keys i 42 173 27 
W. ditto ſro 11 81 8 [ Mirperoos Keys, S P. [22 7 74 18 
N. ditto 119 18 ]. Cattle I. or South Key f22 8 74 © 
Swan I. S. W. ditto 17 12 83 30 [North Key, Crooked I. [22 49 74 2 | 


| Meſtericſa Shoal . |18 o [83 50. ||Arwood's Key, N. E. P.jz3 13 {73 25 
A dry. Bane . +j1S 36 73 15 Key Verde, S. W. ditto 1422 12 75 10 : | 
Pr: ce! Shea! „ co 84 20 [The Brothers 422 38 75 ©. 


NEO - ö Long J. S. E. Point . 22 50 174 45 
| Jand Cuba. N. ditto * ͤ 423 0 75 28 
C. Ma, ze . . 20 16 [74 4 [Rum Key „ 29 114 $7: 
St, Jag) 1, . q 420 I2 75 35 || Watiand's I. S. Part ..[23 57 74 35 
Cumderland Har- 5 Litele I. its Centre 2 4 74 30 
% 53 [75 13 j}Catl. 8. Part 424 4 7 44 | 
Cabo de Cruz . 19 42 77 52 | N. ditto +++++(24 39 75 12 
I. of Pines, S. W.. 55 Exuma, E. ditto . 423 34 |75 10 
Pint 21 20 83 12 [kEleuchera, Powel's Pt. DS «] 
"C. Crientes ..co|21 46 84 57 or S. Part [24 45 76 10 
Middie Cape „21 44 84 34 [Eg I. or W. Part ....j25 35 77 10 
Cipe Antonio 21 49 85 15 Lew Providence, W. P. 21 56 78 5 if 
Colorados Rocks | | 1|* Natlau Town in ditto [25 4 77 45 
NEW. . 22 30 85 14 W. P. of ditto 24 57 78 3 | 
Havannah ++ 23 12 [82 12 Andros I. S. Point „„ f 
Matanzas «4++ 23 12 81 15 N. Point: „ 
Iſlands and Shoals North I Frozen Key Jac 2a 178 - 0 
of Cuba and Jamaica ' | The Hole in the Wall |[|26 10 [77 40 


Laſt Reef 9 . 420 12 (68 43 Little Bank of Bahama 
| North Reef S. K. Point 20 15 69 29 N. W. Point 3 . 27 45 79 44 22 


W. «ditto „%%% WVBaandy Key 3 . 4426 33 79 34 
The Triangle . . 20 40 [bg 48 Great Iſaac „ % 0 09 47 
Square Randkerchief, | „I Little ditto . 425 „„ 


N. E. Point . 421 17 %o 20 [Cat Keys Harbour .... 25 10 79 36 


| S W. ditto . 420 53 %o 57 Orange Ke 24 43 79 30 
rand Turk's 1. N. E. | Doubje - headed Shot | 
1 ; ditto Wh „i Keys, W. Point. 24 © 80 10 
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"8 . he Great Cay os, S. P. 21 8 7 45 3 Part 13 22 78 43 1 
148 F. ditto . 421 43 71 26 Bs, 
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1 Though this Table is more extenſive, and nearer the Truth than 
any publihed, it being Ceduced from many Thouſand Obſervatiom, 
and theſe compared with the beſt Sea Charts extant, yet in the Nature 
of. Things i it neither now is nor ever can be abſolutely correct. 


For, let two Obſervers be on board the ſame Ship with different In- 
ſtruments, they will frequently not agree in their Obſervations; adds 
to, this, that many Obtervers make no Allowance for the Dip, Re- 


Aeclination. 
Mr. Dalrymple obſerved to me, that although he had the inſpect | 
as of the Journals of rhe Orticers in the Eaſt India Company's Ser- 
vice, yet there were but few Piaces whoſe Longitude he could de 
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